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O BE SOLVED: To provide pilot 
ntrol method and its device in an engine, 
preventing fluctuations in the pilot injection 

/>rch:b:t;n^ the correction of the pilot 

nt'ty when t; . : correct::;! quantity 
■redetermined threshold value. 
: ! n 'he judg^^nt u y SI 9?, when a 

c of the igni'ren timing for fuel injected by 

•.'ion f rcm a target value exceeds a 

)d deviation v, the calculation of the pilot 
!se width correction quantity APWp, which 
1 by S151 to S153 when the deviation A 

exceed -he via 4 :: n 7, is not performed. . 

the control o;' pilot injection quantity is 

Her the pilot innition timing is stabilized, an unstable pilot injection such as 

. isufiicien: ..ut injection quantity can be prevented. 
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MBS* t L T*lt L , > v > oateRJg l-go* 

*/Mn»F ig#ffi34> "b^ft^frie^ > >' > o Btiese 
««(;i&i:fcwrBi«/<'f n y hmimmRirsm^u 

n « aws*^*** b iE t - se< t-t z mm t L T 

&*»5Mi t a*, ^tt-rnfrieg «/<-f o -y h pftan$»3 
a tr* is i tit ' < ^ n y h it it» » ; je i: -c jt * n -s i « 
m-xnm t § Dt^^ ^* - * s 

3 ] hitie^ > v ^ 9 9 <nmz\ , mnm'my £ ih 
«ria»»^ tf - 9 mxi±mmM&.mmfrfe t mm § 
& z t a* h m & 2 UIE«W> ^ > > n & { 1 & > u 

n-y h«*H«atM«l^£. 

£fW«1-£n> hn-^fcftfitU «HB=>hn-9 

frh$tft<r>mi > v > omrasjueKiBujED i: jtmriE s 
ffe^sp*»n h je \zmt-r h mm t l x s ti ^> 
% fi^timti sm'uvyh mums s vmie s m 

y^n y HjrJta*=J6Ur5e*^*i4B«*^l*«fci 




4$^B¥ 1 1 - 1 7 3 2 0 1 

2, 

y MS*t^*1iiE't-'5MiEfi* f ^F**4«>ic)tt^3fsefi 
£ t b WLZ> x. > i'* > is It -& / < -f n y h ^iH-^MtUffli 

5 ] frfE^ < Y o y h «#tB#ffl S tfiWIB' < -f n 
■y HtltaoffijEii, ItrfE-f >va.^ 9<nmi>WmJkV 

6 ] l&fE'r > v * 9 9 (ommimmmRr/m 
mmm m omjes it, ^-n mm m om&ftmmm r 

an t numzm^xniE-rz iitao -c** b n 

n-y h«M^*«tW«lSS. 
[0 0 0 1] 

ffLX'i'f n y h P*tS+**^Sl*I (=9Ut ? *<-&x. > v > 
[0 0 0 2] 

Tl±, «fl-iWtlW«lt=IHL-C f ^fl-«*ffi^OiSS'fI: ; & 
> > ojUeKMClD C r^atcStJM-r ^.^fe fc 

<t o xm7E.KJj USPJE $ ntjRfttlMfcW ^yiy? 

jfi.7jsa. > v > oaiewBuw Lr*a*ijn**fr-ci!Hftr 

izWtlf b Ktz^m^im t *WM LT v»* 0 x > > 

^^RUMfiS-^fl-itW^ffl * "7 y -fit LX n > h n 
-9»;E«$*-Cii*, £ O "7 y y ft L T lEtt ZtifzB 

&mftt&Ru t Mftm%t8fmfrbm.&.<nx. > v > oict 

X, ^<Dm®®ttmMtf J t<r>E&mM#fMlz%z x •? 

tc > v x ^ 9 (DB^mm^mmmmRirmmmmm 
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[0 0 0 3] 4 *<Ofl}it«rE]3 0 i&f&LXtH 

tt <b nfc jt« k •> - juff i o rmmvtm u ##»t * 

ft& feOT-*-&75 J , -> 'J > ^ y K^OflJilKon-ctt 
H^Sr*B&LTv»4o -f > v * ? * 3 <7)±H1fflgBU(i^ 

Uli, $*BIS&6 1, 6 2**«*$*L-C4Jl), #tt«2 
3 RiFamaK 6 1, 6 2 r«fl-Sfctt#»* S ft 
tv>5. cr«»sft^«m«, 
o 6 35^6 4<r>mm(om&zm^x, §t#6 4<o 
y y m$um<*716 5*>f>*8*art^i*it$ft4o 

[0 0 0 4] -f>->*i^?3t:ii, it#6 4tf>>;7h£ 

/N'7>x^-r>/N*^coit#';-7 mm* 

^tt^ftTv^o ep-t,, -f > v i >r 9 3 OfLhSIU- 
li, gST^fai-? 6 6 3i r K«t«bft-CiJ 3>h 
n-7 3 7 5j»&<0«fflHM-fc Lro«»*at* , f «-»* 
6 7 |-Ii:tSl7^fix-?6 6©^ffiV W -f K 
6 8KS£ft4, WlVV/'f K6 8**B«5ft*i:, 
7-7fa7 6 9^J:#Lr, &fl«7 lWJtaSURlt 

f>ftfcnw#7 2 £ra< <o-e, Mftrnm^'^y*.*- 

•r>/<7 0»=tt»?ftfc«3ft«>«ifts*q8MBhK7 1 £» 
CT^ffi^tT-^o -f > v*i^ ? 3 O^frrtSBtCJ&fifcSft 
£ +^ 7 3 ftl-li, n>bn-;pe*b>74 rt s #l$ 
^rtlU»ttf>ftrv»4„ fiTLtA*7>^ft>^7 0 

fctcioTnv h n-;nfx b > 7 4 <#Tlf*i 
0f>, m&iSi 0 6 3 £Btr7"-'<B7 6 KfBB 
«-EEK*cfv>T3>' hn-;utf^ h > 7 4 iff U±»f4 
tStmZtiito, =J> b n-;utf* h > 7 4 tt±#-t*o 
•€-<?5ifS*, ft#6 4 <0'j 7 h^fff^gft WL6 5*f. 

«s»*«i«itsft*o *w«t*f*tt, isattrtoifiE 

fc$t#<0';7h ('J7H, 'J7h«H) fcUioTJg 

<6<bft^ 0 #f-#6 4ov 7 ni, mm^7 2(ommum 

£1-&fc*I>{::m8£v W -f K6 8^i£ibft.2>iMi9^jt£: 
LT<ofEtfr/<;uxi::ioTifce£ft-5> 0 lt#6 4 

<9#»7 7tt, yX;U7 8<Ocf>^7 9 1*1^-61^^^^ 

*4hL-cn»we*i3. #«7 7o4fej§u»*«ftr 

v»£r-/<8&8 0*VX;i/7 8 «0*tl£Lfc-f -'WcS 
«LTi£?L6 5*H0n7tt2: LTV»*. 
[0 0 0 5] > v jl ? 9 3 <7)$#«tt4Q t ^ > h n 
-93 7^<b^figVUy-f K6 8»cft»$ft*«mt/^ 

x«pwtoH«**, m 3 i i,zmnmti p c r 

rt J *#v>ttt*M-i5l*tfiQtt#< ft!), WC*** 
^flWMMtfcQtt* «IWtttttiJttN'< 




(3) #S¥1 1 - 1 7 3 2 0 1 

4 

* * 02: *> ±& i) u#£tj i tL h *) mm i~*t l x — sb* 
msftTiii&xttffiL*ft*«>-e, mat/****** >x 

tt*7fcS:.&P*J|J!*«|fp-f*.rifcJ:oT > 
>y*®mi-Z>^ttfx-£2> 0 

[0 0 0 6] t;?>t, f^-fe'^i>v>li, 7-f K 
ik.iiftj-feHLT^-t--5<><o-cab'5.o %<r>tzt>, Mfit 

io 3ft**r»o-7t,— aoiojatfl-t^'f >*atic^feffLr 

-Cab-Sc: t***n<bftTv»^ 0 aMo7 h^ltt" ioT« 
lt$ft?t^#*B«£S-*^ c t i:J;oTlM«II© 

iq*>, >**r*>»jAcaft* 

PftW t > > t L T v » 4 O T% *0fflB^* J ?P 

SlJ^ft, NOxCOitti^Itttl^o BP*., 
20 i50ffitc*4®)Kcozl^* J ^$ft, p< -f >m%Hz£-o 

[0007] r-c -tf^x > v > o^fWIt^MHP^ 

T, ^g3BB 59-37235 Xli^RBH 5 9- 

1 4 5 3 3 4-*^KH^3ftfcfcOj&«a*o #^BH5 
9-3 7 2 3 5-f-&*Ugg^?ft^r''f -t'^x/y> 

<o^fl-i*S+B#fiSSij^i^feii, r-v — j. > v > 
30 Qimi l zJ&*)WifzMmE.*>^KSi-=>Xte1StK.iikm 

i6, ft/i^^lffico^ff^^-fbs^T-v — tf;wi> 
v > commKB ICJ6 C T^toS* ft fc* t § 

Jo i <o j: o ^ m®wnf%m<nmft miEZ-fz>z.tiz£ 

40 [0 0 0 8] *rS<0^SB8 59-145334 

$ ftTt T'-f - ***x > ->* > (DBfl-ltWB*lift1J«l^ft 

<0^ft£1fciiJU ^B#<0JE^jt:-^^±1-fttt'e-O 
ftUKj^TtSi t »cJtl& LXmumtOitjEfrbn 
•^'Mt-t-&-lfn^n^WB#X85:^ffiL, Hfn^n^oB^ 
ffitEaSS^fc'-^OB#iWt*it:Si;LT, MB#^offlBS 
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[0009] bzzx, -f-f — t*;w^>v>co^i«tt 
* (#H¥2 - 9 5 7 5 o 'WD? MfttfX 

[0 0 10] Sfc, 

&jx, sun? hmmmm&mwi-zkot tnwmm 

6 2 - 1 7 3 4 3^<&m~ffi7r^1X?zi><F>tf*>ho -X > 
v x^fi^US* U^i/U £&aj1-* -fc > "9 frit, 

[0 0 11] L^Lfcrt^b, #*C«URt7*>*i*'f >v 

Oi»/<*xoHjfilWIS (JUT, /Mn-sr KtttBWHi: 

Vx.?9lSWftWHi, -i >~s=-9 9 m->t7V *tf*> 
*) , «&<7>^fiS \Z & v » T«*tt»tf - K ictv^i 

^ * 9 3 * ttft 3 it * ^PS*ffi (± , g 

[0 0 12] ±ieLfeJ:-5tC, sUuy Mg*H±, M&t 

®.T-li, IH3 1 t-7Kl-«fc 9 K, U-)US.t)P c r 

^T-Ji =i V- )^S.t)P c r Z'*?*-9 b LX$Z 
^.-tZZblZi*), X>f^v'i?J'3«)Il7i'f*x 

MQtf'bZ^mt&T-lt^* > U- frl±tlP c r fciWNv* 

;u X I)® P WK «fc o T (±*&ftl£#tfi Q Sr«* < «»-*" * - 50 




f»¥l 1-17 3 2 0 1 
[0 0 13] zommii, 0 3 2 ic^-TJ: t 

Wftw-itf^&fs (qi) X'&z®&, new* 
«$m-i£itSQ i izn-tzmG (aqi/qd (±jts 

•y M*#t/<;i/*frC** t §0<*fWt#t»0/<9 

[0 0 14] C<0**«-lJtlt#14<O/<7 7^{±, $ffi.if* 
4 , U**ft4NOxXtt*'=e--:7-<o*tf>J||**JH<. # 

■x > v* > @te^ s ffiv->^*i){Ci > v > <D«*g#J8tt^F£ 
*raH£W<? './•**= J: »>, 'Uu y M®*f t LTOSH 

-5.7^:*, /Wn -y hfRHZftiSo b LXi>— U<r>^X 
lis*'? a v M«*fd*tf *>^^rv»C t* s * , 

«*f iz x zmmm^ t n o x lt l s 

[0 0 15] 

WirtiE^tltKLT, «ttO*lti:*o&o*Hftl=J:o 

**** k*i:/Un 7 F ntttc i o r-£<S^ 
* ^gB^^fb* J * o t , ^^co/t ^ n v HR#t 

[0 0 16] 
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mxmm^mmmxnmt^^, ^uu y y-mmizx^ 
xmrn^titiBmrnx ■ mm.-$-z>zt\zx-oXT&Kz> 

&.M±m<?> £-9 W.XlZ&M!£M:tfB $50 U sol? t: & i> 

o y h / < ;u x Ol£ffiiB#«J£ CMS * ffiiE-f 

I) , 1B*«0-fVv*i** «0^#i*IH-#14 Uy < 7 7 * 

s.-2vmjfz$f&z&m~-rz> z 1 ^mz-th^i n 
[0017] -r >v^^<bBj&sr*j^ 

#l8tc*o%>-c?-i6**i> <b*tTv^ g«/q n -y Mg#J 

ofrteatett® ki& c /-njie g «y m n y h i*#fB#ffiS. 

*o-v^Tii^J<) <b *t£ »t»&sp**H*» ibjEKjefM-* 
B#J8fc LT*5c$tt4*^)Wt«rf2/<'f n y M$#ttz 

*x«i»»^«flHi fc *-*t<e r *ttines «/<w o y 
Mft^«sai«fEBii/un y Mjwtiujec-aea 

?> H*B*»^«F«tB tr-^«Xtt I «1» 

S&£$«#te t K -Sfc-T * X o \z , #M o«rffiy u n -y 

*£MIEL, *fl&/t-f o y h*af«MI*1i]E-*-«1ijEl 

»*HlO-1ijEtff*?=fcv»c fc f> j££.x > > t:i3l7<£> 

[0018] ifc, MXKiiCTM 

tS^-f n -y MRlt t LX<£M-fZ> X n umrffi* 
fSrr > h n - 9 1±, ME-*- > > oagtti(;i^v>t 
'f n y h n£jfti^ ib a« <0«rf fi^ > V > 0«CjileKS>. 




(5) 1 1 - 1 7 3 2 0 1 

5 

StfUiriBB^W n -y Mt#tfit-I&UT^*?>tL^B«l 
«f'AB#l8iB«l«i|&^^-^ffiX(±iS^I&±^»«- 

IfZsU d -y h Pft*tB#fflS^M n y h Mfill 

70 [0019] zn^y-yyizisi-tz/n n y 

^ Of^KrNMV! R WW IRJ «r M JE-T *ZtKX*)fft>tL 
[0 0 2 0] Mi:, i^J-Vv^tCiStt^/MD y Hi 

[0 0 2 1] Z<7>% : tyUzX2>x.>i;>l l ZiHf2>;*4vv 
bM&i£%lM®J]&RV tJ ?<DmW.lzXtil£, x.>->*><7) 

mmvmizm<3\,*x : f'tt>®:tr>bixx^i> mm^u n y h 

■*» B#JK S t>* B < W n y H©*fa tf* f, O J. > v* > 
4 O y f l*Wid $ *ie> lb ft, y M D y h Pft#j-(; iott 

XikfcZKZM'XftMt'Uu y MjtttKJtt&LTTa 
*46 <b tt/cffi n 1*1 1: * »t 4 &S§±sp tf - ^ *Xttl»»± 
^S^Mi:* 1 , -e-tt^tiBS/^n .y h«tltBMHftU r § 
*y<* n -y. MJ«t»»cic. t Tfe* «b *t* B ^*^B#» t 

b f- ^ nxji b &m&£.*mfrm t tc-gt 

t4±-7C, #:lal<OyU n-y MJtJtt'iJlt*^^ n-y h 
iWiS^-fny M»Stfi7i t MIE$tt-5 0 z<DXn 
\z, y W a -y h BRItc «t o Tiftl* $ ti^Kfl-OttMttfll 

40 fctXfe&biXZm&1im.\Z— : &L'tZ>X 3 )\Z, /UUy 

IS^yN''f n-y hPRStKiiv>Ti, ^S^'-fn-y h9tft 

BtR1ifcOte^3i*^f5eHJ:i3^S<*-&f -C, IP*., ^ 
^ n -y h iJW^IBoWjE^Jei-* * n y h 

50 *JJt»07-f- hV<y^Wfp*t*jh$*LT, y^Dyh 
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[0 0 2 2] 

o-e&t), sin, **«oittw»:fflv»* 0 

[0 0 2 3] c«5li(:j:«x>v'>o/^n7 
m *ftSO f * <o£Sgtf f JIffl 3 *l* a * > w - 

1, 3 2, 3 3, 3 4 (i*ntlli3*fflvl.) ^ 

«r««i-*»tt«2 3Sr«i;rfTte*L*. 7>f-Ktf> 
72 6(4, 2 4*»ib7W 2 5 SrSIifi?* 

***Mf 2 7 ta 1: > r 2 0 test n atro 

#>-/2 0(4, Hitfi^yJ'i: ±otf»?tL, 
ELTiRfttf 2 9*iiCTn^e>V-;U2 2 CMt 

h, mm, ^v>v^^<T)^--fy -im^^tm-m^MS. 30 

? 3 {CflfeffrStL*,, -f>vi**3l4, E^flJflPJ. 

&„ -i > yi 9 9 3 7^'bi>ftlt£;tt.&^$-«9i!MtEE2)li3 
*>1^-;W2 2 i-K=@$tLTV^^<73ff^j, ip*>, 3 

l±3*>v-;l,ff^^«l|»$n-5o *ft*>7*2 0^<c> 

2 4(cM£;ft.£ 0 $}«*2 3t5>«W >yx^ 3 tZ«*& 

Mt, ILf 3 6*jiUT*S#^V^2 4KK3*L' 

[0 0 2 4] 3>l-D-7 3 7i:ii, J-^v'VEUegJK 
Ne ititOl-tZtzltK?)? 9 1 0, T^-fc 

1, 3^e> u-;P2 2 U^lt?>nT3^e> l — ;U2 2ft 
«)«fl-ff* (3^E>V-;HE^j) ^^tB-T*3^>V- 
;HE77-tr>-* 1 2, afe0 f tz?^±P7KiaJK : Jr^mi--i>^*<0 50 




^PUTl 1 - 1 7 3 2 0 1 

70 

TKiS-fcv-9-1 3i|;ox.> v>^IP^1-&3te;i£^g£;t£aJ-f 
d-7 3 7 14, CtubO-ft-^-tZ^o'v^T, x.>->*>ffi2j 
4K > yx# * 3 UJ:4«SJftOi»*H#tt, BP 

-f>->'x^?3^ibM«lt?W:tf3-tyv- 
;U2 2rtO«fi-**?HKS*L-C<>, ^>hn-937ii, 

2 oothmfi^$ij^i-r^ 0 

[0025] iit:f$ti5#^x>v>ia, 4 £t 

«-X->v'>-C*-5 0 4ocD^# 1 -# 4 (K4, *fl*T 

WiftMI-ZJ Vy'x^ 3 1, 3 2, 3 3, 3 4 t, 
#*«Sl*l<7))E/t> («I*1EE7J) £^tB-f-5>J±7J#tm¥«i 
LTOttF*3JE2j-fc:^4 1, 4 2, 4 3, 4 4 (ttffcf 

>*4(4, #«tt#l~#4 0«*a[U^-e«IJ#(t 

?>ntv^, «i*iJE*-fc>+4* t ^aiL7t#^:fe# 1 - 

£*t4 0 ifc, ^«x.>v> l Uffctj-ibft-CJOv > 

fS*«gUi- 43CfS¥!ISll-fc 8 , ffi»_h?Ej£ittO * 7 > 
^^Stf^tBtl.BTDC (before top 
dead center) -k 9 Rt^^ 9 > ^ Aft 
•tytlO«*i?ntliiLtff<>, 3>hn-73 
7(zA^$tt4 0 

[0 0 2 6] 0 2 14, 77y7Ag9CWt*, Hfrtffi 

* »Mai*uEE^) pc, ^pa*r^R f , amMs^. 

\t, ?7y*ftS^Mi:ltoT, Mi*i)±7tJP c<otf 

n%n p z t-**i-£ t, «i*i£e*p c ojt#*ne 

-?r<7>m±^ <mu-f2>o ClOA±#1- 
4«rtK?tlP c*»?>i»*M|jAcB«Ht UO?7y^« 
=JrIE«S{-**i)-5.C t(4Bjtr**4 0 4is, tt077 7 
K^f*&*MtSt*R f <4, /UD^iM^-fyW 

V»4o 

[0 0 2 7] 0 3(4, ^7>^AJS<0igjaiC#-7«rtE 

•9, ?7y^Al' ^^1 H-4^7>^^iS 
<7*->> hffiT-44i:t*, ^5>^AS^(4, # m 
<T>E&±tt&-Q QX~3b*), 4 •y-'f 9 > v > T*I4 ^ 
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i:ft*o 







1 


# 1 


I 2 


#3 


3 


#4 


4 


#2 



1 - # 4 -C(±, ±|BO«»C^4r tffiB • *»fT 

e*a*.T«Hft**fT*>*t, *4jrc«*w»fTa*)lsiii- 

i:g?*itv^„ # l <o&fSi±a£ig*C1S"C*&o-e, J± 
lt±9Ejftttl 2 0° (REF) «***flj*$ 

*t*o ±fc, **C«Offi»Ji?Bjftflr 6 0 ' tBTDCi 
4g-*»tH»Sn*o # UW*Kov»Tli, BE«-h?Ejft*l 
8 0° *»5>EEHLh?Ej&«l 8 0° i-C, BP*., 
£j£0ULT54 0£UlT1 8 0 i: # U# 1 

fa® £ it* o «M $ it*: f - ? (c^o*v^TBEfS±5E *m 

i8o° frh<r>m < g.<r>nmmz* 4 

•^IslcOBTDCi!lii^{i-?-{C*o*v»T^ VV^*9Z 1 
*»o*anc(se-?r#»«# l -# 4i:«H4#'f >v 
v>* 0 

[0 0 2 8] C<ox>v'xon> h n-7 3 7 Sr^-fri 
t*#l^-t V-^-t'f > v'i^ ? 3 iOB^^HU 

h ttttftMfll **tr*RsBiJM**Hlp £*T93>hn-73 
T^D-/?!^ .x> v*> 1 OSfe-t >*Hi, $C 

Mi2o* <oi&m&pm-rziz.mm (red 

t8t, 1 - # 4 *>*»ffS<0±?Ejftl* 6 0 ° 

?IJ-t>*8 tBTDC-t>t9 £14, ^>v*>lli4-* 

iZ, ^ii^ffi, 4o<0BTDCffh 1 -3«REFIf 
t *SH-£ <fc 9 K. 2 0 odfrttXiiftftft 




(7) ~ #HJ!¥ 1 1 - 1 7 3 2 0 1 

72 

r e F-t >***«ta Ltznmim®-%-RTf? ^>^nm 

£j &tt&0 fc^pfflC, DSP (digital sig 
nal processor) 15 \Z & A:7J £ ft-h 0 D 
SP15I4, AaS*tfcfi***»^iD**-*-.&£i:a i 

[0 0 2 9] n> FD-7 3 7UiJV»ri±, ±IS<75^> 
v> 1 <?)ll|gura-t-6#-fc>-y-8~ 1 0 1-flDx.T, ^> 

* l l, n-=e>v-;u^<o)E^*lttiii"*3^ >v-;u 
iajS$-^tB-r*7Kia-tr>-^l 3, *^»iiR«S^-fc>-^ 

*»t>o««tifli-§-* t «*'*jaa«« (cpu) i4icA7j£ 

[0 0 3 0] CPU14tDSP15t<0S<0f-?O 
it»m*Mi, CPU14tDSP15t?)t**)f)W>f> 

^^♦§^Bitg^*jlRAM-e**7 : 'ir;v^- h> 

•t 'J 1 6 ZjfLXfffrtlZo CPU14ifi7W- 

20 h^-^'j 1 6 hcoMiicpu/'-N'x 1 7 zmcx&mzti 

XH<0, DSP15tfi7/l'^-F^t l J16i:<0H 
liDSP^U 1 8 imcx&mztix^Zo ISJrtEE^P 
c ^^itJl-*«l*Iffi7J-t>^4fi, ^«#1^#4^)# 

B*£Ktt^Rt*fcftTv»4ttrtE2;-fc>-iM 1-4 

4-C*i), ®I*IJE7JP c «r*StEfcOffi**EE2j (**-v 
BE*) tUr«aj-r*o «r*3ffi*-t>*4 1-4 4)Wfc 
mL^rtE^JcOT^D^-f-li, AD^S19UA 
*$tfCr'v^;UM-^(-^lfe$it, DSP/U1 8£il 
CTDSP 1 5(C^|C>tt* 0 
50 [0 0 3 1 ] CPU1 4li, #-t>t8-l 3)5^tS 

tcA*5*t*i>-y> i««a«B*jitflMfit,- «rt 

JE*-fc>-f 4 1 - 4 4 7>»is)OfBfrtBE*tcMLTD S P 1 

# i -# 4 u*ii-r*LJti&Lr»it?>iirv»4-f >yx 

^^31-34 WlftWM, «fcfl-nft*fS, «m«at 
ff»W»*o«*W»t:H-r*«iltfr-9, DSP15 

rts=* p c 0>wc&*9fri>mm~mm-v9m-r& z. t a* 

40 ife, CPU15f±, n^e>-V-;K7)£E**ftlJ 

»MC^liai»S:W»'r*fc*!>EGR/^-r2 1 

■t*o 

[0 0 3 2] i<05IWt-J:4/^n y h ^ift«- ©J« T* 
14, v^-Yn-y b3St%^^fai*i£E-b>'-9-4 1 -4 4* J ^ 
tb L7t«rtffi* P c (C^o'^TjR*. *<<f n 7h 

50 &£—Wc-fZ>J: J )lZ'(>*J*?9 3<0'BMT?1-3L3-- 
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*6 6 (E3 0#HB) CM?tii/qn7 Y^M^^ 

x^niE^iti >0 ttz, mmz, zmftfrij-ty^ 4 

1-44 Amth L tcffifomt) P c h **y h tifz^tk 

•j vmnmmm<onffli,-^r, c p u 1 4 <nvmt 

d s p 1 5 ofpl&i: tc^o'v^ri^w-r^o 

[0 0 3 3] CPUHIi, IU5U^i-> -f c&SSrff 
-? 0 05l±, 041CtkL£:3> ho-7i:i3lt4CPU 

(1) CPU 1 4 ^W^fb^ff t>ti^, u-fy-ri, S 

1 tB&-r 0 j^ti^i:) o 

(2) ^^If-^O^tSrfr-? (S2) o @4i:^L/: 

( 3 ) s 2 -et? t>ixtzm^^m.X'nhntzmm^<3^ 

X, &J 3^«-f^^^fl-fi, EP*>, B# 

iwtj^n-**^ (S3) o mmmmt^nwt, #• 

v > Iltelfc t (:: J: o T¥£> <b *t J.o ^ ce« $ 
IP*>, Tn*SS-t>tll«L««7 

? -t t b t d c m^mfr h h tifz > v > m 
m&tiztffcLtzBmmnmMAQb zj£#>z z tizi. 

■?X'+ft>HZ (£^m^Mi^niEM:tXMmB^U 
HlKtbZZ t o h HOI 

(4) tfz, s 2X'ftfrixtzm^&mx'mL>ixtzffiw.tz 
bp*>, m?^ftt#fM-t>m&$ti-z> (S4).^ByF 

* «#«#t^iif 14-7 y/c^t, S3 -e** fzmm- 

«»tfi t Itox > ->* > ElgiSK t § 

(5) jgK, S 2T-fffr*i£«^&gT-#£>:h.£'li?«tc 
&o*v>r, jlo s 3 r-** hittzm^ma, s 4 r* 

«i-*ee£, ip*>, ^««-jE^#m-#^n* (s 
5) o mftm&jzjjmma, m^mmt^y^ym 

-e>v-;nE^ p c rtfmmmtt&Jjttc 

*M>M*> 7-2 OtcBiaLT^tt^H^sEfiftiJ 
WfiZfflWrz - t K J: *) 'irfrtiZo 
10 0 3 41 WLlzmiLtziolZ, Tt-t^fflg., ^> 
V > ®&&&^iz&^\,*x^ibi&ibbtifz®&®%tm<& 




(8) 1 1 - 1 7 3 2 0 1 

14 

14-7 y 7-^ p, , as<oi > v > w&(kmx$> i> r ? 
ms, ^>is>®tfc&m^i,znfcLtzgwimnmms:Q 

A'-f07l-«lti:iiMi||tI, fip*>, ;Wn?H| 

ItSQ pt^ >«Mt*Qmi:KjHtt-4 0 

[0 0 3 5] BTDCAKtLT3t$W/Mnn* 
»HTp, gp*>, /<-f n y mtltS-rs^:«)lc^>->* 
i0 ^ 3<0^Sgr^^iJi-^ 6 6 (0 3 0 #?.?.) left 
*frS*L*/<;u*<0 H3&B#»| b , q **H frh IE U 

^*>-S**^ffli: LTcD-tfn^DXB»«Tp z, /<-f 
n -y h J^H^e- q max, RV^j n-;f JRH 
ftMWtUtOIUIl, 12 5 (1) - (3) Utk 

TDCMtfi^lif, -ifnj-nxKFlTpziBT 

a x aiT/t-f n 7 Hfel&i^»*fi[ I q (i, /W n 7 h 

2(9 V^ 0 

[0 0 3 6] i7t, I2 6C^fJ:T(:, ^'-fn-yhit 

ft*»e>iEt-l£t>S-tfn^n^^fflTp z, ^n?H 

ill qtowtct, fflKB8#* s *4 0 Hfn^nxBflST 
p z l±, n y MSStiQ p* s -!ElJA±*Wf, B 
TDCO-Sgftai-JRJtti-** 1 , tUrty YmSkSsJ** 
-?tqmax, n y h »5l^flt^'(t I q 

50 n y H*#J-*Q p t'H n 7Ms%t$l:-^f qma 

ep*>. ammnmziELQbiz&tbz/uuy M©»t4Q 

qma x < J.O &H££a*# < ^-5>t*{C^^ >i« 
So 02 4 K^i-&S&&^q<0*TN±«&T^1-geffc£ 
[0 0 3 7] «fi-«»«0«| {±, JifBO 1 33 ») «#SSIJ 

Tpz, /n°Y n-y h^^^^tf-i'flqma x, S.^^" 
'f n 7 b*i4$«*t I q i:*^v>T, ±!E<7>;fflB8B3 
«*<b, ±fBO#*W^#-e#'f > V* ^ 3 ^<b^» 
****t'S tts i 1 \z&4 > v x. ? 9 3 SffW* > ■/ 2 
OOSIJ^ISr^fdo CJxJf, •I>yx^30^n7f 

y->M n y M^#f<0«»tB#«ti« Wfit^Tt IE Sti 
So 05ic^i"7n-^-^- btcijv^r, Sir-CPU 
1 4 tfWmtStLtzmt, S 2 - S 5 «r«m4t»»ft^T 
50 -T-^^'l'Vv^^^S^Lr^ix-rtiJlUcll^fTL, R 
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75 

■o&vkM&i- ±I5<0 S2-S5SIt) jg-fo ^yx? 

h «yfe£*£«HMt I q a*F*ttj£ £ ilfc B «H1 i: & * J: 
-f >*J^9 9 3<r>TSM7 9f-^-^-9 6 6&SBI& 

[0 0 3 8] 2 0^^>7-«X(iW^#IE 

»JB*A»»::Hj6Lrt:EHE«K»±. 1 OflE* 

±5Ejft«r 12 0° tcttJfcLTt&JK&fltlc 1 -oogig-r- 

**i<0«*-r-^4:<fta-r4C4: \Z J: l), tfV-TttlH 
lEiSfci) l@ff)REFM^HJAn= 
8* s REFm-§-5rmt)t--2.t, 11 6 icjjrf £ 9 & R E F 

ioa^aa^^fLSo m6ii, ms i^-f^ -f >#ta 
u*v»r»««8Ufli-9-* t c p u l 4 \zxti £ ttfc t £ o 

a-c-i±, BTDCHfw* *? > cn b * o \z-tz, <j 

•b-y hiaa>&*fr*>*L<&o BP*>, lt±4*t 
fSjcy v VCifc&O-C, BTDCM-f-fiO^^ 3 ifO 
4o<o&i$:£3*l9#£o * ■> > MIC N b 0 co t § ^ 

£*t£ (S 6) o 

[0039] >?2o<z>#> -fmxitmmfim 

±m*1R 6 0° LfcAftffllfc 4 o(7)±9E*M-7 

-9 (&*T-J:v>) j)?9 0" ftKJ&ftSivCiJ*), BT 
DC*>y-9&±tt&mi'-9ititlh-f2>Ztlz£ *), 

(m3<D^mzm-r9"7 7i^m) • btdciw 

PU1 4UA2j3*L4i:, £HT»w»Wf4J:^4BTD 

c «-9-«a*aa*«ff *>*i & „ 

[0 0 4 0] iTOBTDCfl^ijiAIIli, ->:<0J: 
•9 \Z'fsf>KZ> a 17l±, 0 5H7FL7tCPU^-Y 
lCj3lt£, BTDCSt^AS^tlfct SOMftAfea 

(1) i>->-> i oB^eaaiWtsiv* (sioi „ 

EP*>, fr@<OBTDC^$:1ttil LT^^IKOBTD 

cm^ztiMi-fzir-i.zwLtzmmi.z&^x, mom 

(2) BTDCms§r<r>*<5> httCNb* ! 0t**4^§ 




(9) 1 1 - 1 7 3 2 0 1 

*»*«3ti-* (S 1 1) • MCNb*»01?*il 
If, M&tmm i = 1 (# 1 ) Ctttt feft.fc'f > v 

i^3i o^^ihtaa (S2-S5t -z^feffym®- 

RJt*t<7>3SfT) Srfir^ (SI 2). iOOvx^Oja 

(3) S 1 1 X-<D$miZj3\,*Xi}<'7> HCNbji'Ot 
*«t*U*, !£*>{- S 1 3 l-^frL, * •> > h*CN b j&* 
1 T***»5*»4r#je-f « (SI 3) o 
iO (4) HiCNb*n -eabitlf, i=2co^fl5 

(#3) ^BMt'biifc'f >v**^^3 3«>«Sfl-iJ«ttoa 
(S2-S5fc-e-wao**fM»»W*ff) 5:^-3 (SI 
4) c 

(5) SI 3-C<0*J3cUi5V>T*^> HCNb^lt- 

fc»t*uf, a;*, us i 5t=»fTU WT±fetiw)^^« 

^^IMIfJJilt^bai. (S 1 5) o 

(6) S 1 2, S 1 4, £c</»l±, S 1 5T% # 1 -# 4 
(Ofitl^W-f > y x ? ?3 (Olfilltiliffi t , M 

20 foLX^tz**7> bttCNbOfl^fiL^<75*J5eT-l±^>-r 
NOt^^cOT, S 1 6T'*t7> bttCNbtCl =&±iSn 
LfcfeO?rff^:^*>?> HICNbCLt (SI 6) , 

i/'ft, >k<r>i]^> HIC Nb Cliff £¥1JSI±, SI 
1 , S 1 3 X(± S 1 5 T*<75|Bj«<Dfl5g?>V>-f *i.^r* Y E 
Sfc&£ 0 MtCNbSrJW^litlOLT*^^ ML 

CNbA s 3«ii:, # > MlCNb* ? 4tc^^)|fr(C 
9 i)*til\&Z*.X, SeCiotA'J^HCN 
bliOC'J-t-y h$*L* 0 
50 [0 0 4 1 ] >k\Z, H8 5r#HBLTD S P 1 5 0> -f > 

iJlt-SDS P> 4 y%M^7v^--yu-^-^- YX-bZo 
CD DSP^^-ft^fl^ (S2 0) „ 
(2) *JJ$fb» ? *?-T-riU;Sr, Mrtffi^S^flT (S2 

i) o «rtBE«taii, *a$*LfcjR«#i-#4.o«rt 
E.jir-?<v*&mx$>*), mm-rz>n$i# 1 -# 4 uo 

[0 0 4 2] DSPi:fcv>t, S 2 1 izmLtzmfttSkW. 
£fr"5 l^LtoifSt LT, EI9{z^1-AD^|?-T 
«&**yia f ?r*>*L4,, 09J±, i7i:^LtDSP^ 

(bp*>, mmstmjj) <oADSEUMs*o«a*, 

9Am<7>®%Ht, ftftKt)T-9<0**>)-^<r>feM, R 
Tf9 ; 7>9'fa8t<n'g3fr<n&*T vzrtf, 9 7 > 9 
1° 45O«-9-un«LT*ff$*L* 0 BP*>, 9?>91H 
50 Ml' *fU#««OttrtEE»S:ADJE«»l 9 (BUS 
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(1) SiflEJOADfMfADr (i) SrSt^&tr 
(S3 0) o#«rtE*OADM|S*ADr (i) 

(i, mm$m\ (=1-4) np c (i) titt^ 

(2) ^^>^^*C0^«ft^^tl^ (S3 

1) o 

(3) ^ftffi^x-*^, ^VUfelrt^tl^ (S3 

2) o 

(4) ^^>^ftSOMff^T^tL^> (S3 3)o 

S3 1- S3 3i:ov»tli, <tti**ti, MT^wtmzm 

[0 0 4 3] ^C, HI 0i:^t7n-ft - h«r#fift 
l*CS 3 1 U45«t&^7>^AftO*0«MtUov^TKW 
■f*o HI Oii, BI9U^*AD|E^T^O#J2w^ 
Jj&SUisttS * 9 > * ftSOSJfflftO^taSr^-r 7 n- 

^co-c, ?7>?m8E<o-mmmz**y> nsgre7 2 

£ Q ««IK*i = lofC« (#1) 

(S40) o beu, ?<7>?nm<wjmit& 

*-r y 7"fiS 4 1 

(2) BP*>, i=10«« (#1) Oii^E 
M12 0° CttlA§n^REFiW2^±^ot^ 
* ^5^**1*1-* (S4 1) o REFfW^±^ 
otv^ 1 1 tttf ,. IS % \Z A D S?IM*T*Ji&«& <T>)\s- + > 

(3) S 4 1 icfcv^TREFflf i f i*>±* J otv^ 
If, ^7>^AJt^ 7 2 0v^ft^l20 (BP*>, 6 
0 0 ) KBsei" & ( S 4 2 ) o 12 0li, *C1»«80* > 

(4) S 4 2 Kfcit&K5e#»7-r*i:, *7>*AJK 

otojBfbFfcT-t-* (S4 3) o -a, ^>^*<t> 

»JH f fc^fi 1 t>HZ>t, *|i:x>y'>ott» **fr *> *l ft 

[0 0 4 4] #ClZ, III 1 1 C^f7D-f h *#flB 
LT, S 3 2\,Z&if&ffift1±t}r-?<DS**)^<7)fem 
J&ai:o^tR58t4o Hi 1 ti, 0 9K*ri-4ADgS 

(1) 1®miZtitz97>*ftJgteifiS 4 OJEUtXttl 




(10) #58^1 1 - 1 7 3 2 0 1 

8 0*»f*4^S:fl|St4 (S5 0) o 
ft«^^COteHrttCAoTv^(ttt(f, S 5 7 tz^fi 1 
1~&o S5 0tgft4^7>^AK^otEIii, i = i 
ojKtt (#1) o^9>^A«* f EE*±?E^oiW»l 8 
0° Jttrt^JtJ6Lfc*H-C**> f EtttTS^&NHfrfrS 

(2) ^7>^ftS^ ? 5 4 0-C***»5*»**aHISE*tL 
* (S 5 1) o ?7>^AJ£0 7& ? 5 4 0X*i>ti\£, ±Ifi 

>*£iJ80c (1) t^UntO.tti (S52) o 
&&C<h£^rf 0 L/:^t, 0 c ( 1 ) (i, 0^3 

5 9 £-e<ofe£nx;z>o 

(3) i = 10ft«tiov»r^«rtBE*Pc (1) £, 
««!S(I*9>*A«0 c (1) OtlOtflESPc 

(0 c (1) , 1) k-T* (S 5 3) o 

(4) i = l^jai:ov<(0, §CfeSU*^>*ftK0 
20 c ( 1 ) rt ? 3 5 9t*^*S^*fl]^f^ (S5 4)o 

BP*>, i = l ^fii:ov^-f-^»*^7>^A9[ 

(5) 0 c (1) # ? 3 5 9~C&£ <h-f£<h, BEU, 0 c 
(1) ii, 03$*<b 3 5 9 i-mfi 1 LfcHTiiOt, i 

= 1 Og«i:ov>tO«rt£J f - ^ 08«#»T Lt 
v^c: (S 5 5) o 

(6) 6c (1) **3 5 Sc (1) 

1° jHe>*CfcH*tJC&LT, 0c (l)0#*>hft* 
50 l««t**PLfctO**ffcft^-c (1) fcf& (S5 
6) o 

[0 0 4 5] (7) *9>*AJR** f 0£l±3 6 

0*S!"C*-5>^S^4:W5g-r^ (S5 7) 0 
«^ A^OlEHrt^AoTv^tttLtf, S 6 4 \ZW^ 
Z> Q S 5 7^jg*4*9>*fc«0O|EHili, 
i = 2 (# 3 ) * ^ > * fcKa*JE«±^£oii} 

»1 8 0° JSLpJOJtJeLfclEH-e*5 f ^OjEiSSfi 1 *!^ 

40 ^ot, ?7>?ftme&o&±i 8 0*jBt?** t § 

Ul±, i = 1 0$tS5 (# 1 ) M=2 0«« (# 3 ) t 

(8) ?7>?ftme&ox*&zfr : gfr*mfcztiz> 

(S5 8) o ^^>^AJK^* f 0-C*ttif f _t!£<7)^ 
>^.A*^0|gHOjSjftt!*&0-C f i=20fC«f (# 

3) \z^x<D?7>?AmtLxfcmzti2>%.m\i? 
jymmec (2) *?i)tlxo t-r& (ss 

9) o L^ot, i =2^(Bi:^»t:o^ c (2) 
0*e>3 5 9 itOttiWSo 
50 (9) jKf*gU*?>*ftK0 c (2) cOi:^Oi=2<7) 
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^(Cov>rw@l*lS*P c (2) £, MrtE^lPc 
(0 c (2) , 2) fti (S 6 0) o 

(10) i =2 0$tf»Uov»ro. imftl*?>9A&. 
dc (2) * f 3 5 9-e*4*»S^**lj5tf4 (S6 

1) o 

(11) 0 c (2) #3 5 9f*ittih, SEIZ, 0 
c (2) l±, 0^<b 3 5 9 i X$kftLtzfeX$>2>(DX', 

£ (S 6 2) 0 

(12) 0c (2) * s 3 5 9-e^tt4i, 0c 

(2) (2, ifil?-*ir-iiMLTv^v^7)-e, 

■%mzi° m*>2>z.tizm&Lx, e c (2) <D-h^> 

Y®L* 1 /ittifJDL*:*)O£ff7t:£0 c (2) 
(S 6 3) o 

(13) fclffc, i = 3M'4^ffl (#4£U*#2) 1= 

(S 6 4) o 

[0 0 4 6] mi 2 i:^f7n-f + - h £#bb 

LT, ^7>?AS<0l«Ii:-3v>tIiiWt4 o HI 
2li, lI9^^-t-AD^I?-TB*<0#J^ast;ii»t^ 

0 c <0 1 coif^U, ^7>^AJS^jEff&3ls 3 3 j&* 

(1) * UtitlL-CJEfri-4 (S7 
0) „ 

(2) ?9>*£iJg 0ri ? 7 2 0*^-C*^.^5^?r*lJ^' 

B* ( S 

V© = Vc+zrx x^L+ 

4 



(11) 



#gg¥l 1 - 1 7 3 2 0 1 
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*-tZ> (S 7 1 ) o ?7>?1$m0-t) s 7 2 0*i»TN&*l 
If, 4O(7)^;«(;ov>-c<0i*iti:»^C75 f t fi— JSL-?>> 

^v»cot-, ADSE*»T«<o«a*daa*«MT-i-4 0 

(3) ^9>^AK***7 2 0J£H±-C**L«f, *7>* 
ftKtfSrOC'J-tyhti (S7 2) 0 
[0 0 4 7] friz, H 1 3 (3t7D-ff- h 5r#BB 
LT, 128 tZ^L^D S PO^ V&S^K&tt^l*! 
JE&H (S2 1) (OBICo^r^fl,, H13I1, 
I8CftD S -T >MSUi31t^Ml*lJ±^a?r* 

iO f7n-f t-K'*4o 

( 1 ) i = 1 (# 1 ) O 1 *&*Mrfifl*> 

(II 10S55) «7Ltw5 
(S8 0) o i=l<0^ (#1) O 
'Hfrtffi^-f-^ftitt^TL-Cv^JttUir, S8 4C9 
ffL-C, i=2<D^« (#3) *>«rtff2jf-*»ittj5* 

(2) S 8 0 coflje-C, i = 1 O^f^ffiftJE^f-*-? 

(S 8 1) , m*U£l3r-*l±, <»LTv^<o 

Bfe*U »<bJ&»fc«l*3EaSHft*»* U9 2&JSI) e 

[0 0 4 8] (3) #^tl-7tJi^ft^t>, SM&^q 
Ott**fro (S8 2) o «H&£^qJ±, *Oiii:L 

[&l] 



cos 0c 



(m) , Llin>n7Kfi? (m] , (9 c li ^ 7 > 
(d e g) T&£o icofSF*3^»V 0 t, *<D? 



WfZZtlzX lOftbtlZo *:5l^q = dQ/d 0 c 

m2] 




v$ • • ?e • 



dec 



(4) S'8 2T«-J(CS*lfclM»**q«)e*U»^V» 
•< n y M*f&£$tf)»f-*tt'e*4 qma x (1) <0it" 



max (1) OfH|OPifflUov>-CJ±f^i£-r*o 
[0 0 4 9] ( 5 ) BttlH)^ i = 1 ?>^« (# 1 ) Vffi 

nKtST- fUMUmt LTV»4Mt*ltf, i = 2 O^fiS 
(#3) OttrtffiaTWJMfla'ttTLTv**^** 

*us£i-* (S8 4) o s 8 4am<oy-i ^vvm. (ss 



**fr? (S8 3) c ^nyhUMf^e-^ttq 50 5) , |ftft&¥QOfff1f (S8 6) , '<-fn»HMtt 
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$<Ok'-?f qmai (2) <T>ftU (S8 7) <7)&Xy- 
y-flt, S 8 0- S 8 3 tWtt$X'$>2><DX, *B§-f 

i =3C0^© (#4) RZf i =4 Vim (# 
2) lcov^Tt|SI«W5!!.g75 J: ?T*>tv^ 0 ft£, 01 3 CD 

tea, q Oft / M O y h Stf|£2£ q CO fcf - 

^Hqmax (i) (OffrfW&XT- v -fWfitotl&o 
[0 0 5 0] &.IZ, Hl4t#lLT, iBfl-frjAcB**! i: 
LTtfvWnV h**B#JBTp z (i) RJT^nyF 
S4|f-J-|qmai (i) <T)ft%\ZO \,*XWR* 
2>o H14I4, HI 3 IZTji-fnftE.jm.izteilrZsi'f n 
7H»(i4$e-^lcimax (i) Otf-JMSsS t , /< 

-h-C*^ 0 ili, 1 - 4<nfe*l&*)'&2>mtitmi¥T-$> 

*), & i <Dm~ttLx&m<n&m-h t: ?ffc>tiz>r>X', #ic 

(1) /Wny h fci&U >f ^yi}-? 3 com 

(BP*,, /«>f d 7 h4WBMH) Tpi, * J ymftZ-f 
ZtztblZj y Vjl? 9 Z<ry%M.T 9<f-a.x--9 6 6 t-tt 
»3*l*'<;u*0|»$&B8lB U-T >"»j+B#»JtB&-t) T 
mt, x>->*>ilEaSNet?r, t'a T^'sK- h ^ 
V I 6rt»e>«*i&tr (S 9 0) „ Ctvt>cOT'-5'(±, C 
PU 1 4tM?fttRAMt?*Jfa7;l"f - h>^e 
'J 1 6K#£&3:*IT.V>£ (H4i#R) o 

(2) /Hn7 MRI^lTp^ib^o? 
f-^f qmax (i) Otmimbt&V&Bli 

(S 9 1) o »t*MHIIIJOBS$Sa*L0 a»±, 02 7 
Tjrt ± -5 -f > ->*jc * * 3 coqSjfiift 0 i ic^ati 

*ITV>S, lfcltS*l0 i l±(i{JB#W— 5g-c* 0, 
n«l±^>y>IS|^KNe \Z£oX&1t+Z<7>X', ft 

(3) n-fn-; h*!tfftl8Tp£H%a*i0 at*«., 

mtmtetiBze ssfun (S9 2) „ ft*, 

5 s— T p + 0 a 

(4) ^-f>l((miTmi>f)^n-y fiM^e- 
?tqma x Ofj-»#J H&Tiltt 0 b 7j*itl£:£*L£ (S 
9 3) o tttWBH»TSrt.* bli, * 4 >mt<Otz#>\z 

S*i4*-C©**taiti:, * 4 V 
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lis. > v > UteigJS N e * '££5c t + « V 9 7'ir - ? t 4- 

-2) o 

(5) S J ><£%tmMTmtftM.Mffi@:J-mnd b tfr 
h, ^i:ioT/Un7HaM$f-^fqma 
x<Dftn.®rTftH£0 etf, ft»2tl2> (S9 4) . ft 

n y h WHIT p l± ^ 7 ^ ? ftSl:^7C*^ 

0 e— Tm + 0 b 

10 (6) 0 s^e>« e i-?<r>ftnftmmwizft&-r -ti 
4u? hmmz£^xmM2titzmm s m'Xi-zmm, 

gp*>, 'WD7H^Tpz^llin (S9 

5) „ tffl?*i^Wn 7 H^l)jTpzli, H4K 

(7) 0 sj»»&* ei-C<&tHWK«mu*»****«[ 
fc LTCO/W n -y HfeH4ff->fqma x frfM*-? 
*J6T, t'jlT**- 1 6 US§aitr (S9 

6) o 

ft£, tf-j¥E[S8ra$Sa*i-0 a itHHZm*nr«*i* b t 

fit LxmtiZ?? >9ftm*'bZ < ft£ffl|njl-ii>* 0 
[0 0 5 1] ^{C, 0 1 5 *#B8 Lt, ^»^<0f--- 

9*m^tz>*<tu y Ym-xmmTv z^ftM-iz-o^xm. 

m-tZo 01 5I±, 01 3 {C^L^-ffirt)±teSt"J3^ l T 

1 (1 -~ 4 co^t tc^LT*ilcOj!!ia75 ?; if*> 

ft*, tfc, ctt&%M?>mmBffi&m.<?>9 7>9ft 
30 m ( * ■> > nt) -c* o t, »»ffe±?BjScomr» 1 8 

0° ©iiOi-^V^ftS^O- 3 5 9 ix-ii^y h-r 
2>o iW7n-f t- Hi, S 1 OOt-ftJ;')!:, 0 
c A*3l:l±0%-£-lC^f £*L.z, 0 S8 3^S8 6^(CiS 
v^-C^fef&^q^BElc^fbtvTv^o itc, 02 9«r 
mir9^y 9nme c uttt4i»i*(io^?7it 

fig-T -So ft ^, 'UUy h«P^cB#^Tp zi±, faTJl/ 

^-h^*'n6 (04#ra) ±or-9X'$>z>o 

(1) ««-o»^c • «S***ff*>itrv»*^«uov»-c, 
q (0 c -3) A»H-C*4*5*»4rffiSg't* (S10 

40 1) o 

(2) q (0 c -3) j&»ft-C**ltf, mW&M<T>9<5> 
9ABt0 c^l hfitt^^Oq («c-2) 

*»H-e***»5*»t«36+* (s l o 2) o 

(3) q (0c -2) * f ftr-*.tuf, mm%n^9^y 

9ftm0 c^*Ii: 1 7J-7> b/^titA,fiB#<Oq (0 c- 
1) **jE"C***»5*»t«l3e-r* (S 1 0 3) o 

(4) q (0C-1) j«ET?**tUT, MmM.U<09vy 
9AS.0 cib^iz 1 77 -7 > V t£liMA,tzW<D q (0 c) 
**iE-t?***»5*»«:ipJS6"f 4 (S 1 0 4) 0 

50 [0052] (5) q (0c) * s ET**t»f, ;^0 7 
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h*^CB#ffiTpz(± ( «c-2T-il,tn (S 1 0 
5) o BP*>, lifl,40©^7>?ftST-, 4>HOB# 
*T*.fcS «'c-2t«c-lt OK-eSfeU^^ q 

n y h*^:P#t8T p z * 0 c 
-2tAiLT^S„ i^li, ■t'n?n7i|±tfc-2 

(6) SlOlT-q («c-3) 7> ? IE£> i: # , S 1 0 2 
tq ( 0 c - 2 ) ri^lEO tl, S103T-q (Je- 
ll *^<7) t § , 8.^' S 1 0 4T"q (,6 c) f) s n<7) t & 

# s 0 <DB##i ti~<2> (S 1 0 6) o BP*>, 0c -2 t 0c 
- 1 hcDffiT-q^-f-^fk-f-S) t £<7)<^, S105T* 
^-fD7F **B#SB T D z A <b ft, ^nWOta 

(7) /<-f n'y hii^WHTp z* f 0-e*4*»5*'tfl 

jei-* (s i o 7) o 

(8) ^n^lf^fflTpz^Ot-^i, 
?ABtc £ 1 #>7> hWm-fZ (S 1 0 8) o 

(9) ?7>?Mmd ctf3 6 0-e*43j»?5*»S:*l5g-r 
£ (S 1 0 9) o BP*>, 0 cOJfctm&ISBOftf&O:* 

fcttiilf, S10 1i:lot, fft*-f>t*fft 

[0053] 12 zwmmm-tz t , nm p k'** n 
p c h mmm-x-r & ? ? > ? n m z jew u« w-r * 

OI±H*-C*ofc*», »l»^q«w»B-r* fc, JlEO 

BP*>, H2 0+ao^9 7U^i-*S*Wllt*R f -Ciftfl- 

J:*) ri*, >U n-y H»WUJ:ori§ttt$tLfc«MB|-03» 

y HiWWST p z tigK>4; i. NfSU 

T p *e>BMBT pzi -co»lw*»«m«>»^ca*t)Blllt: 
UltSo /Mn» M^B#«Tp z^*t-5>t, 
*WfjAc«JH**, MBKflllciD Ut*ft <b ft* §«ft« 

[0 0 5 4]#:tC, S9 6t?f Lit, /i'fDyHtM 
f k'-7tqma x <7>W#lCO v»T® 1 6 Z^W.LXSL 
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i«o 116li, Ell 4i:fLt^ n-y 
t:'-?iqma x <Dff» (S 9 6) Ki^ti'M O y h 
a&f&ifcspfcf-^teqma x <0|t» n -f- -v - h 

(1) tmA&mwinteAd s * 0m a x til, j&jft 

0 s l-fclt-S&f&^q (0s) ^qmaxte< (S 

1 1 0) o 

(2) ??>?itimdizmfri° *Mx.tzi><Dimtz% 

?7>9m%te cin (sun, 

10 (3) %itz*?7>?'Pitit0 c^ij«4f q (0 
c) jj* iIO»f4$q (0c-l) J:»)t*-C*4 
^S^«fl£-f « (S 1 1 2) o 
( 4 ) q ( 0 c ) ».||^ q ( 0 c - 1 ) 

iWlSMfq (0c) Ciotqmaxif 

(S 1 1 3) o 

(5) S 1 0 20«5tt-±5V>TJSi||^q (0 c) 
H&^q (0c-l) ttm^tS, XliS103t 

<T>i&&.e eUTt?**3i>«:!pJ5cf S (S 1 1 4) 0 ^7 

^m»c *fw-*ftft«B<o*A 0 e izmm L X 

v>fcv>i:#Kli, SI 1 lCIot, ±te<7>#lS£ii£0 
dg-to 9 5 > * ft* 0 riWtft WO»jS 0 e CPJjg 
II 4i:ft'^n'/H«»K«t$ 
M - >? m<7)ft&<7> y n - o 

[0 0 5 5]*:, CPU 14 (04#BB) ICi^ftta 
(0^tcM-&o HI 4 -m 1 6 i:f Lfc7D-f+- h 
CioT, AVn-;H«lTpz (i) SO^UD 

n y h *y^Bf^T p z ( i ) R^VnM n -y h 
-i'fqmax (i) bfltz^iX-¥tl<OEm 

# 1 CRft&it£:<f >i/x.99 3 1 tlT 

X', %.7F<nmmt<7>tzib'-gtiZi-t2> 0 HI 7I±, H7K^ 
L^BTDC'fi-^fflii^a^^ttS'f >*Sx.99 3 1 
40 c0fE!fr4!!!Ji^:fctt£<'"!-f n-y hi®#J-ffllEI6/N-JPX(7)ffi^ 

LT, H6tC^i-^;igi«SlJREFfl-^i:|B|^LrREF 
■tvhZtl, JEU, 0 7 U^1-BTDC#-f-U|^l8LT 
? C N b ofl[tci& U Srfi 1 d $(«^5e§ tL 

(1) Ra-fi'f >->'i^^i:«tor^tl-$riSW1-^# 

50 ***Mwto*fra* «*a**t* (s 1 2 o) o 
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flWWMtJE* (BP*>> a* AHEAP 
c r) , -T >||flQm, /<>f n y MgtttfiQ P , * 

(2) 314, ^n-; UttflQp^OTiiWS: 
«^i--5> higllttQp^OOi: 

^li^v^f, S 1 2 9^#*tLT / <f >Wtt*ff-9 
tzibizj y ? 3 1 comfiST^f-i^-^ 6 6 (HI 

3 0#BB) Kftf&StU.SElfr^Vl'^IS (WT, *-{>m. 10 

(3) /^D? Ht#t»Qp**0t?4v»»^li, i> 

■>* > operas. a*r 4 k ^JueKM-c A £ * fl^ 

U (S122) , i>y*>tf>aMEttSa*T>f K/HME 

t?**^k(-flio»inuB (JHE^^^c^fb, »«, 

2TX#tt) JWKBJfKfcfcfcvvO-C, S 1 2 9^^f 
<7)X7-yf (S 1 2 2) £«B&LT, 7-f K;H1<£J£W 

(-OV^T«iE* S; fft>n-& 4 9 i:LTtiv> 0 

(4) x>y>03fflBRi4«7'f K^JMBR»-C*4# 
£•(-14, fllx.(4*, WO/WnyHtiJtQp^/W 
o -y h*WWBTp<|tUJ6C*:/<'f ny MSWITp 
OMlE*ATprtWJ£;h.& (SI 2 3) £#iZ, /N'-f 
n-y M**t^'^^it§PWpOttH:A PWp'^tti?ti 
£ (SI 2 4) o £*X"bOlfjE*Otf*Uov»-CO!MH 
(4, f*i££;h.£o 

[0 0 5 6] (5) S 1 2 3-C**<b*l^W ny hPR 
»W!TpOllIi4Tpi:*^'T, ^^{ci»)«r 30 

%. f^/WnyhW^fTptti (SI 2 
5) o 

Tp— Tp+ATp 
( 6 ) *&Wttt£* Per, *<4 U y MfcltSQ p »j/ 

Wpfcff*-*-* (S 1 2 6) „ 

(7) S 1 2 6 7**^^0 7 M*^N';u^i|igPWp 

s 1 2 4 -c**7tffiiESA pwp zmn.-rz> -ti: 
<t •) , ifrMD? mt/^^ipwp f ttur-r-s 40 

(S 1 2 7) o 

PWp f— PWp + A PWp 

(8) Oyx^3 1flIl7?fax-n6^i 

tb>* *o *J> 9 .(H^*i*) K, S 1 2 
^tftfto/t-fn? pairs 12 7T** 

*b >f n-y Mft#iv?;u*iIBPWp f U-?- tt-Pn.it 

(d L BS&R$8§;g.o?, < A- * "IS 5/MD7f 

i«ltfflOitit/<A'^3S«-fc-/ hZtiZ (S 1 2 8) o 

(9) ^'-f n -y MH*ry^^(iPWpli*|jE$*t*fc 50 
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*!>, *E&U(4, S 1 2 0 >f n y 

Qpfc**4i*l*** f **tS*t4 0 Lfctf*oT, 
Pfttt4S:^x*^^i6lc, n-y MfcltfifcML 

9K»fcj« -f >i«#t^'^^iHPWm^ltSgtt4 (S 1 2 
9) o 

(10) r/vx?^3 1<05l7J'fxx-^6 6 ; i 

WSliTma^S 1 2 9 -f V Pft*|v W * (B 
P Wm iZ % tL-PtlitlD L 7t /< ;u * ^*&B#»iS ^ ^^ifS 
Sr*1--5^ -f vift#j-ffl<Oi|tlt'^i'^3i c -b y h S*t£ (S 
1 3 0) o 

[0 0 5 7] S 1 2 3 KiSttS/M n y h p*#J-B$8J T p 

TftUii-*., HI 8(4, /N'^n-y Mft&flfJHTpOHlIE 
iATp(0|t-^Ii/Tt7D-ft- hf*l,„ 

( 1 ) B*ww**&o f .x. > v > ®m&mfr bBwuu 

(S 1 4 0) o 

(2) fi7W-M*'J16 (EI4#bb) ±<0P»|+ 

iffn^M (@i 7t<oH^t)Lr#i) ofr@o/N- 

•fn-y h#^B#^Tp z fc, Ig/MnyH^T 
b p z tWlfATe ZHttbZ (S 1 4 1 ) 0 
A T e -— T b p z — T p z 

(3) ISATei:y'f>GffS:*C-C«fr, fiP*>, ffl 
MATe(cy-f>G^^*i:^:i<7)«r^rll<5 r >/Mny h 

WWB#»1tjE*ATpUtill#LT, #*«0*II*V*>f 
n y H**fB#ffi«IE* A T p ( S 1 4 2 ) , 

ATp-ATp+ATeXG« 

[0058] S124 iZ&lfZ/U ay Y iMt/W;** 
PWpC0MIE*APWpOth»O|f«B(-OV^T, 1119 
£#BBLTg£Sf!-f £° HI 9 14, /Mn-y hPfttt/^^. 
i|8PWp<0-tiIEfiAPWp<OtHt&a«r^i-7n-^-v 
- YX'lb&o 

( 1 ) S 1 4 1 rtft^iUlBiAT e tf^tbVkfr 
btitzMfey X •) fc*-e*4*5*»A*fl»fS*L4 (S 1 
50), *^CBf»ffiMA T e 4<Mtt> 4 *) fe^T'*-?. t 
1=14, ;MDy Mftjt/^PXllPWpWWIE^Ifto^ 

(2) fMMlAT e**B8flty 4 Uf*it # 
14, ^>D4EXK^& ig^U n -y 
hiM$t*-?fqbmax«-tt-#tS (S 1 5 

1) o 

(3) S 8 3*tf*10f a7^#- F>*'J 1 6 
(H4M) UE«$*t'Tv»*iHi«C« (#1) 

n-y hM4$tt:-^qma itl*^n? ht& 
M$i^-?lqbma xiOfiSAqma x ^tf^ 
£ (S 1 5 2) o 

Aqma x*-qbma x — q m a x 

(4) <iiA qma x tC^-f >GpS:ti:rSft EP 
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*>, fl^A qma x > G p £3ft li £ & <0 £bJH]0 

/<-fn? n««-/<*x«*iE*APWpUin*Lr, * 

IO/^D7 h Pft#jv ^v**S1*jES A PWp 

(S 1 5 3) o 
APWp-— APWp + Aqma xXGp 

[0 0 5 9] /Hoy hn»#^XiiiIPWpO$IJ#PtZ|W 
LTIi, y^ny f-i'f qma x^i-SftlJ 

tfoTi&X&Zo BP*>, 02 0(1, 111 1 3 7 n 

-f t-ht'*t), 0 8 (-TjrfD S PO^ V&SHii iO 

ifznftK.&m.im-fyu-?-'?- hx$>z> 0 01 3 t- 

1-^Si^t*i&-t-^. 0 S 1 6 3 S 1 6 7Hfcv»T 
(i, S 1 6 2XIJS 1 6 6ffW?^/:M4$qOa 

*u£o%>t, /<*n 7 h&M*kmci<7>mfrmi q*m 
[o 0 6 0] mfrmi d<r>$\n<r>nm^^x , 021 

Sl4i:itHL.t^7n-ft-ht-*i1 ) 02 0 1^1" 

ffiftE&S^iStt^'f Oy q<7>tf 
g&SSrTTrf 7n-?--ir- hT-ifc&o 014 t:ft7n 

(S17 5) . 

[0 0 6 1] S175^Lfc, ^DyHSHt$8 
5M1I qWfMf(-OV»T02 2 ?:#BBLTS£^i-^o 0 30 
2 2 11, 0 2 l i:*LfcAMn' ? h jS^fc^m 5Mt I q 
<7)mHz£Hi2>'Uvv hM4$Mf I q^tfS* 

(1) IS^-fDy q^-tfntfi 
< (S 1 8 0) o 

( 2 ) n - 7 Y m5k£.m q tfiE<F>fe.X*>Z> rt^^Srfl 
5e1-£ (S 1 8 1) , /Wo? h^^q* J »<7)ffiX . 
\±0X$>Z>$,<&\,z\i, S183i:fffLt77>7M 
0 c (*-y>Ht) £ 1 ^ttSff-t^c 

(3) S 1 8 ltvUny h^%^q* s IE<7)ttr-*^> 40 
»*Utt, /Mn-y hffi£&£$8MMtI q«~, qXl 

(=q) SrSD^i-S (S 1 8 2) o 

(4) 77>yM« cUJt^-1 *Jn;tfc<>0**ffcfc 
^7>^^JS^ c (S183) o 

(5) c3W»ftK«W«>»jA'« efilT 
t?***»*«Jti-* (SI 8 4) . ?7VyftSn^ 

l±, S 1 8 1 {-MoT, JiIE©»3** •)£-*-. 9 v> 
^S«c #*T*ftKJ!mottjft ^ e KPIiti-* 4: , 0 
2 1 KjjHvMn-y h&f§£*fq*$M£I q<7)ff»c0 7n 50 
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[0 0 6 2] ikVL, 02 0-02 2 lC^L^7n--^^ 
- M-JS^T, S 1 6 3XIJS 1 6 7*HV<-fny Hfe 

u^tnt, o -y f »$k&mkft 

>i?*.9 9 3©tS77fai-? 6 6l,zm&-f2>mW> 
'VvxQSfimiEZti&o -eo^IE^gii, i2 3i:^t 
7D-f^-M: L^oTfr^ft&o 02 3(;^f7 
o-^-^-Mi, 0l9i:gLt7n-ft-htfflii 
O^fil), / W n y h &3§£=£m5Mt I q (Cgo*v> 
XftibtLZ'H D y hl«#t/-C;PXl|lSPWpOliiESA P 
W p OtMM&3 tari" 7 n h-C**^ 0 01 9 t 
*iii--B#X7" -y ■7*lco(,»T{±, S«-r^Si^^*H&i- 
4o ^«JlSm i **1 1 KWt&iifc'f >v 
i7?3l i«i:«ot, £lTi:Mt4. 
Hj^ i t:-3v>ti±, U-K&ot-, /'W n y m*l#&±5$ 

( 1 j S 1 4 1 T-*«b7t*^fi9iSM A T e 
btitzW&y amK-e&Zfr&frtfmVSrZtiZ (si 

90) . 

(2) »*l$«8tii?!ATe# s gStt y ± *> i>'hXhZ>i%iz 

fc/M n y h ^H^^»t3H1 I q b *«W* $ *l4 (SI 

91) . 

(3) S 1 6 3Htf ftlOfaT^-f - h^t') 1 6 
(04#BB) UlB«S*frv»*P»*tSC« (#1) <D'U 

Mlqb tOMA I q*«IW?K4 (S 1 9 2) . 
A I q*— I q b — I q 

(4) ASigA I q|:yr/Gr ^tCTM, EP*>, fl§ 
gA I qi:y-( > G r **i;fw <0 *frle]<7>^''l' n -y b 
i*lt/N->Uy!.ipSMiESA PWp UiD» LX, #»«<0^H 
«aMD7 M»#J-/N';v^.i|iSttiE*A PWp (S 
1 9 3) o 

APWp-^APWp + AI qXGr 

IE* A PWp l±, 01 7 Icfctt-Sft^^-f n-y hift*)-/^ 
;u*$SPWp f <7)W-^[ (S 1 2 7) Ufli^Xsit, BIT, 
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CLAIMS 
[Claim(s)] 

[Claim i ] 1 r uel injected :Vom a*i injector to a combustion chamber is divided into the Maine 

injection a- . . ,e pilot inj ec; i u;i preceded with said Maine injection. It injects. Said current target 

pilot fuel r ion timing and the current target pilot injection quantity according to said operational 

status of s.. ~ugine are cumulated from target pilot fuel injection timing and the target pilot 

injection c: \* ity which are beforehand decided based on engine operational status. The heat rate 

serially s ; d for based on I he pressure of said combustion chamber as a stage to just change 

from neg... ; correspcads to the ignition stage determined and said pilot injection. The heat rate 

peak value ; thin the period decided beforehand Or a heat rate integral value so that it may be in 

agreement ■ th the target ign ition stage, the target heat rate peak value, or the target heat rate 

integral \ V defined according to said target pilot fuel injection timing and said target pilot 

injection q t ity, respectively Pilot fuel injection timing in said next pilot injection And the pilot 

fuel-injectr ^ontrol appro: Hi in the engine which consists of not amending said pilot injection 

qunr; ty wl he amour, mei.din ;n's which amends the pilot injection quantity and amends said 

pilot fuel ii ion timing e. ceds the specified quantity decided beforehand. 

[C)ai::i 2] icmentolV 1"«:e.i. injee'd'an timing and said pilot injection quantity is the pilot 

fue!- : ---;cv;' ontrol appr< ; h in die engine according to claim 1 which consists of being carried out 

by amer. " - aciuatic: ; and actuation period of said injector. 

[Claim ? '.^timtion r o .aid i ; :tor and the amount of amendments of said actuation 

period a ; : : lot fuel-in; :'.ion control approach in the engine according to claim 2 which consists 

of asking sending sail' '.-st actuation stage and said amount of amendments of said actuation 

period 1 :i deflection ith said ignition stage, said heat rate peak value or said heat rate integral 

value, sa.-j at ignition . e and target heat rate peak value, or a target heat rate integral value, 
respective. 

[Cia : 4] ' -\[ tJ-ein:';- hi::! 1 . a?; the fuel sir --died through fuel passage to an engine 

coi»:.u k'.ioj :nber, ai i": a >e divdded a:-., injected to the iv[aine injection and the pilot 

injection |? -rlv.ith: . • ; :-je; ion "die controller which controls the drive of said injector 

isp,wi-.. . control. . - .. . e;v ..agci »>:iot f.: -1 injection liming according to said 

ope/., .".c ;s ad sad' :r" yy: . ■ do 1 . iniectic:i quantity of said engine are calculated from 

target pj . a;- ;iio: ■ ; : a gel n; :ut injection quantity which are beforehand decided 

baseu o. d nr . c. . d i • . ^ ine. L ive heat rate serially searched for based on the 

pressure ■ eon :bus. *dv a cr ay r. ;-dage to just change from negative It corresponds to the 

igndi i . .:cn lined a : aid pi/V. i: jecdon..The heat rate peak value within the period decided 

be!l r J ; . d ;at rase : -a! va' .e r~- :ha; li may be in agreement with the target ignition stage, 

the i: :v .ale peak \ l. , or me L.rg j;. heat rate integral value defined according to said target 

pih: 1 dmin f : " ' s'ii' ! 'a:—'?' dot injection quantity, respectively Pilot fuel injection 

tir i 1 s t - ilo ■ 1 ' >" r l -»-oa control unit in the engine which 

consi '^ol .e:. Hr,; ■■ -\i ■ n c'ar.iitN \\ hen the amount of amendments which 

am'-* . . * : ecri'- 1 ■ * rr.- r-id - r, :el miec-ic-i timing exceeds the specified 

qu r ;■ . jednre" 

[Ch \i .t' '- >r '.\ m:" dmi . g and said pilot injection quantity is apilot 

fiv - ti ii ■ - ;■ :r J'-, g 10 ciaim < widen consists of being carried out by 

hir ..' . -:'pi.;_D.- - . ' d _cj:i_c : j..?L:=r ltp%3 A%2F%2Fwww4.ip... 6/15/2005 



JP.U -V . t JLAL.: Page 2 of 2 

• . ... • 

am a'on : • . '**■••:' ■ \ pc"0'. o! ~ :- ud injector. 

[C . . >v \ f 0" : ! /! ;' ■ ::n?ttnt of c .erdments of said actuation 

pc - -! v! *..:o! .:■ . u -..ij cr. ;ie according; to claim 5 which consists of 

as... i . - i. \ ■" . i ". J. l * *. i . . ncunU fan ondments of said actuation 

pe ■ ' 1 sc : -*c. « ' ; h;a n*.-e p-j a k va lue or said heat rate integral 

va! s d .•■ilk . b. . a j \ iilc p.. k vaJ.Le, or a target heat rate integral value, 
res< - :ti 



[Trar /. -ic] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is preceded with the Maine injection and relates to the pilot 
combustion injection-quantity control approach of the engine with which pilot injection is injected 
by the combustion chamber, and its equipment. 
[0002] 

[Description of the Prior Art] In engines, such as a diesel power plant, the common rail type fuel- 
injection system is known about fuel-injection control as an approach of attaining high-pressure- 
ization of fuel injection pressure and controlling injection properties, such as injection timing of a 
fuel, and injection quantity, the optimal according to engine operational status. A common rail type 
fuel-injection system is a fUel-injection system injected to the combustion chamber which 
corresponds from each injector under control of the fuel which supplied the fuel pressurized by the 
predetermined pressure to the common rail which is common to two or more injectors, and was 
supplied to the common rail by the fuel pump of a controller. The controller is controlling the fuel 
pressure of a common rail, and the actuation of a control valve prepared in each injector so that a 
fuel is injected on the optimal injection conditions to engine operational status in each injector. In 
order to control operation of an engine the optimal, in a common rail fuel-injection system The fuel 
oil consumption and fuel injection timing which were beforehand decided according to engine 
operational status are map-ized. It map-izes. it memorizes for a controller — making ~ this — The 
memorized fuel oil consumption And it asks for the current engine target fuel oil consumption and 
the target fuel injection timing corresponding to operational status from fuel injection timing. Based 
on the calculated target fuel oil consumption, target fuel injection timing and current fuel oil 
consumption, and deflection with fuel injection timing, so that actual fuel injection timing may turn 
into the target fuel injection timing A drive stage, a drive period, etc. of a fuel injection valve of an 
injector were controlled electronically, and the fuel is injected from the nozzle hole formed in the 
injector. 

[0003] The structure of an injector is briefly explained with reference to drawing 30 . Drawing 30 is 
drawing of longitudinal section of an injector. Although an injector 3 is attached in the hole prepared 
in the bases, such as the cylinder head, by the seal member at a seal condition, it is omitting 
illustration about structures, such as the cylinder head. The branch pipe 23 which branched from the 
common rail is connected to the top flank of an injector 3 through the fuel inlet-port joint 60. The 
fuel paths 61 and 62 are formed in the interior of the body of an injector 3, and fuel passage is 
constituted by a branch pipe 23 and the fuel paths 61 and 62. The fuel supplied through fuel passage 
is injected by the combustion chamber through the path around the reserve-well ball 63 and a needle 
valve 64 from the nozzle hole 65 opened at the time of the lift of a needle valve 64. 
[0004] In order to control the lift of a needle valve 64, the needle-valve lift device of a balance 
chamber type is prepared in the injector 3. namely, — the topmost part of an injector 3 — 
electromagnetism — an actuator 66 prepares — having — ****-- the control current as a control 
signal from a controller 37 — a signal line 67 — leading — electromagnetism — the electromagnetism 
of an actuator 66 — it is sent to a solenoid 68. electromagnetism — if a solenoid 68 is excited, since 
the closing motion valve 72 which the armature 69 went up and was prepared in the edge of the fuel 
way 71 will be opened, the fuel pressure of the fuel supplied to the balance chamber 70 is released 
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from fuel passage through the fuel way 71. In the hollow hole 73 formed in the interior of the body 
of an injector 3, the control piston 74 is formed possible [ rise and fall ]. Since the force which 
pushes up a control piston 74 rather than the push-down force committed to a control piston 74 based 
on the fuel pressure which acts on the taper side 76 which attends the reserve-well ball 63 according 
to the force and the spring force of a return spring 75 based on the pressure in the lowered balance 
chamber 70 excels, a control piston 74 goes up. Consequently, the lift of a needle valve 64 is 
permitted and a fuel is injected from a nozzle hole 65. Fuel oil consumption is defined by the fuel 
pressure in fuel passage, and the lift (the amount of lifts, lift period) of a needle valve, in order that 
the lift of a needle valve 64 may carry out closing motion control of the closing motion valve 72 — 
electromagnetism — the driving pulse as the control current sent to a solenoid 68 is determined. In 
addition, it can slide on the inside of the hollow hole 79 of a nozzle 78 through few clearances, and, 
as for the valve stem 77 of a needle valve 64, the taper section 80 currently formed at the tip of a 
valve stem 77 is enabling closing motion of a nozzle hole 65 in contact with the taper section to 
which the nozzle 78 corresponded. 

[0005] the electromagnetism from the fuel oil consumption Q and the controller 37 of an injector 3 — 
relation with the injection pulse width PW supplied to a solenoid 68 is shown in drawing 3 1 
considering fuel pressure Per (fuel pressure in a common rail 2) as a parameter. If fuel pressure Per 
is set constant, fuel oil consumption Q increases, so that the injection pulse width PW is large, and 
even if it is the same injection pulse width PW, fuel oil consumption Q will become large, so that 
fuel pressure Per is size. On the other hand, since fuel injection falls with the standup time of day of 
an injection pulse, and it is fixed-time-behind to time of day and it starts or stops, injection timing is 
controllable when an injection pulse controls ON or the stage to become off. 

[0006] By the way, a diesel power plant tends to make a combustion noise, when it is in a low speed 
like idling operation, and the operational status of a low load. This combustion noise originates in the 
ignition delay of a fuel, and is generated. Therefore, it is known that it is effective to inject by the 
pilot injection (preliminary injection) which precedes the fuel of some amounts with the Maine 
injection, and performs it among the total fuel oil consumption in a combustion cycle as a means to 
cope with a combustion noise. Since the temperature of the wall surface of a combustion chamber is 
fully raised and the main remaining fuel quantity is injected after that by burning the fuel injected by 
pilot injection (Maine injection), combustion of the rapid fuel produced to the overdue timing, i.e., 
the ignition delay of the Maine injection, is avoidable. Moreover, since injection of a fuel is divided 
into pilot injection and the Maine injection, initial combustion is controlled and reduction of NOx 
can also be aimed at. That is, since the amount of the gaseous mixture which a certain amount of 
gaseous mixture bums in early stages of combustion, and bums by the Maine injection decreases, the 
temperature of combustion can be stopped and the yield of NOx decreases. 

[0007] As the fuel-injection-timing control approach of a diesel power plant, or its equipment, the 
rate of change of cylinder internal pressure is computed or detected, and there is a thing indicated by 
JP,59-37235,A or JP,59-145334,A to control engine combustion fuel injection timing. The fuel- 
injection-timing control approach of the diesel power plant indicated by JP,59-37235,A detects 
combustion pressure by the combustion pressure sensor attached for every gas column of a diesel 
power plant, calculates the variation of the combustion pressure per unit time amount for every gas 
column, and when the value as which the variation of the combustion pressure of one of gas columns 
was beforehand determined according to the operational status of a diesel power plant is exceeded, it 
carries out lag amendment of the fuel injection timing of the gas column concerned. By carrying out 
lag amendment of such fuel injection timing, while the change curve of the combustion pressure 
accompanying progress of whenever [ crank angle ] lowers the peak value for every gas column, it 
becomes what changes gently, and it becomes possible to reduce engine noise level. 
[0008] The fuel-injection-timing control unit of the diesel power plant indicated by JP,59-145334,A 
shown above When a piston only goes without accompanying the generating stage of the pressure 
peak at the time of combustion, and its peak value by combustion It responds to a pressure declining 
after that, if change per time amount of the pressure at the time of combustion is detected by the 
piezoelectric device and the pressure peak at the time of combustion occurs paying attention to 
changing according to an ignition stage as compared with a ********** peak, or [ advancing fuel 
injection timing so that it may be settled within a predetermined stage if pressure variation detects 
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the stage of the zero cross which changes from forward to negative, compares the stage of a zero 
cross with the stage of a compression-pressure peak and spacing of both stages separates from the 
inside of predetermined time amount ] — or control to delay is performed. 

[0009] By the way, what controls either or the both sides of Maine fuel injection timing and pilot 
fuel injection timing is proposed so that the peak of the combustion of a fUel by which pilot injection 
was carried out, and its near may be detected as a combustion injection control unit of a diesel power 
plant and the initiation stage of the Maine injection may serve as a flammability peak of the fuel by 
pilot injection, or its near (JP,2-95751,A). Detection of the peak of the combustion of a fuel by 
which pilot wave injection or Maine injection was carried out detects the pressure wave form of a 
combustion chamber, transposes a pressure wave form to a heat rate, and is performed by detecting 
the heat release peak corresponding to pilot injection or the Maine injection from a heat release 
pattern. 

[0010] Moreover, there are some which were indicated by JP,62-17343,A as what controls pilot fuel 
injection timing in order to decrease an engine combustion noise. The sensor which detects noise 
level near the engine is attached, the change in noise level is detected [ which advances pilot fuel 
injection timing slightly / or or ] by whether retreat is carried out, and feedback control of the pilot 
fuel injection timing is carried out in the direction in which the engine noise serves as min. 
[001 1] However, since there is individual difference by many factors, such as the die length of the 
branch pipe 23 which connects the processing error and assembly error of an injector 3, a common 
rail, and an injector 3, in the fuel-injection property of an injector 3 prepared in each gas column, it is 
difficult to inject a fuel from each injector as target fuel injection timing and target fuel oil 
consumption. If it sees about an ignition stage, the real fuel ignition stage when a fuel is actually lit 
after an ignition delay has produced variation to the target ignition stage. Even if it sees about pilot 
injection, the injector response time until pilot injection is actually performed from the initiation 
stage (henceforth pilot fuel injection timing) of the driving pulse of pilot injection has variation for 
every injector, and the combustion condition has not become homogeneity in two or more gas 
columns. Moreover, even if it sees about fuel oil consumption, variation has produced the fuel oil 
consumption actually injected from each injector 3 to target fuel oil consumption. 
[0012] As described above, although pilot injection is an effective means at the point of preventing a 
combustion noise and generating of NOx, as shown in drawing 3 1 , it becomes difficult [ it / to 
control fuel oil consumption by the magnitude and the injection pulse width PW of the common-rail- 
pressure force Per ] by the idle operational status whose fuel oil consumption Q decreases extremely, 
namely, the thing for which fuel oil consumption Q changes the common-rail-pressure force Per as a 
parameter in a large field — moreover, the electromagnetism of an injector 3 — although fuel oil 
consumption Q is effectively controllable by changing the injection pulse width PW supplied to an 
actuator 66, it is difficult for fuel oil consumption Q to control fuel oil consumption Q also for the 
common-rail-pressure force Per by the small field finely depending on the injection pulse width PW. 
[0013] Although the rate (delta Ql/Ql) to the target fuel oil consumption Ql of the variation range 
deltaQl of fuel oil consumption is a comparatively small value even if it is the same injection pulse 
width when target fuel oil consumption is a big value (Ql) as this situation is shown in drawing 32 
Since it is a value with the target pilot injection quantity Q2 small in pilot injection, the rate to the 
target pilot injection quantity Q2 of the variation range deltaQ2 of the fuel oil consumption at the 
time of being the same pilot injection pulse width may be understood also from becoming very large. 

[0014] The variation in this fuel-injection property causes increase of the amount of NOx contained 
in exhaust gas, or a smoke. When an engine is in idling operational status especially, since the engine 
speed is low, engine operational status is unstable, and the variation in fuel injection timing 
influenced the variation in a real fuel ignition stage greatly, consequently has had big effect also on 
the exhaust gas engine performance. Originally, in the pilot injection with little fuel oil consumption, 
a role of pilot injection may be unable to be played by the variation in the fuel-injection property of 
each of this injector 3. Aging may arise in the fuel-flow property from the common rail to each 
injector 3, and even if the role of pilot injection can expect at the beginning, it may become 
impossible furthermore, to achieve in connection with the passage of time. Since there are the above 
phenomena about pilot injection, even if it is going to perform pilot injection, in some gas columns, 
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pilot injection may not be performed and there is a trouble that the reduction effectiveness of a 
combustion noise and NOx by pilot injection will decrease. 



[Problem(s) to be Solved by the Invention] The cylinder internal pressure of an engine gas column is 
measured with the cylinder internal pressure when repeating compression and expansion without 
injection of a fuel. Since it results in change to cylinder internal pressure by injection of a fuel, and 
subsequent combustion, the cylinder internal pressure of a gas column, and the heat rate within a gas 
column between the stages and real fuel ignition stages when correspondence relation exists at and a 
heat rate changes It can stand on a standpoint that there is ****** and relation between the change in 
fuel oil consumption, the height of a heat rate, or its integral value is. Then, from said cylinder 
internal pressure data, while searching for a heat rate and calculating a real fuel ignition stage from 
change and the magnitude, or the integral value of a heat rate By pilot injection Whether the fuel of a 
complement is injected Even when it asks and variation and aging are in the fuel-injection property 
of each injector based on the result, actual pilot fuel injection timing and the pilot injection quantity 
are made in agreement with target fuel injection timing and the target injection quantity. Especially 
about pilot injection Since pilot injection will tend to become unstable if relevance arises in 
fluctuation mutually in controlling pilot fuel injection timing and the pilot injection quantity to 
coincidence, after pilot fuel injection timing is stabilized, amending the pilot injection quantity is 



[0016] 

[Means for Solving the Problem] In the engine with which the fuel which the purpose of this 
invention is solving the above-mentioned problem, and was injected from the injector lights and 
bums When the fuel injected by pilot injection and the Maine injection is lit The changing 
combustion chamber internal pressure, i.e., cylinder internal pressure, is detected, and a heat rate is 
calculated based on the detected cylinder internal pressure, and the real fuel ignition stage of pilot 
injection turns into a target ignition stage based on the count result. By pilot injection So that the 
peak value or the amount of heat release of a heat rate which appears when the injected fuel lights 
and burns may be set to target level By amending the drive stage and width of face of a pilot 
injection pulse which drive the actuator of an injector Even when variation and aging are in the fuel- 
injection property of each injector, it sets to pilot injection. It is offering the pilot injection-quantity 
control approach which makes it possible to make required fuel quantity inject, and to reduce the 
engine noise, and to make an exhaust gas property good, and its equipment. 
[0017] This invention divides the fuel injected from an injector to a combustion chamber into the 
Maine injection and the pilot injection preceded with said Maine injection. It injects. Said current 
target pilot fuel injection timing and the current target pilot injection quantity according to said 
operational status of said engine are calculated from target pilot fuel injection timing and the target 
pilot injection quantity which are beforehand decided based on engine operational status. The heat 
rate serially searched for based on the pressure of said combustion chamber as a stage to just change 
from negative It corresponds to the ignition stage determined and said pilot injection. The heat rate 
peak value within the period decided beforehand Or a heat rate integral value so that it may be in 
agreement with the target ignition stage, the target heat rate peak value, or the target heat rate 
integral value defined according to said target pilot fuel injection timing and said target pilot 
injection quantity, respectively Pilot fuel injection timing in said next pilot injection And when the 
amount of amendments which amends the pilot injection quantity and amends said pilot fuel 
injection timing exceeds the specified quantity decided beforehand, it is related with the pilot fuel- 
injection control approach in the engine which consists of not amending said pilot injection quantity. 
[0018] Moreover, this invention so that the injector which injects the fuel supplied through fuel 
passage to an engine combustion chamber, and said fuel may be divided and injected to the Maine 
injection and the pilot injection preceded with said Maine injection The controller which controls the 
drive of said injector is provided. Said controller Said current target pilot fuel injection timing 
according to said operational status and said current target pilot injection quantity of said engine are 
calculated from target pilot fuel injection timing and the target pilot injection quantity which are 
beforehand decided based on the operational status of said engine. The heat rate serially searched for 
based on the pressure of said combustion chamber as a stage to just change from negative It 
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corresponds to the ignition stage determined and said pilot injection. The heat rate peak value within 
the period decided beforehand Or a heat rate integral value so that it may be in agreement with the 
target ignition stage, the target heat rate peak value, or the target heat rate integral value defined 
according to said target pilot fuel injection timing and said target pilot injection quantity, 
respectively Pilot fuel injection timing in said next pilot injection And when the amount of 
amendments which amends the pilot injection quantity and amends said pilot fuel injection timing 
exceeds the specified quantity decided beforehand, it is related with the pilot fuel-injection control 
unit in the engine which consists of not amending said pilot injection quantity. 
[0019] In the pilot fuel-injection control approach in this engine, and its equipment, amendment of 
said pilot fuel injection timing and said pilot injection quantity is performed by amending the 
actuation stage and actuation period of said injector. 

[0020] Furthermore, in the pilot fuel-injection control approach in this engine, and its equipment, 
said actuation stage of said injector and the amount of amendments of said actuation period are 
calculated by amending said last actuation stage and said amount of amendments of said actuation 
period based on deflection with said ignition stage, said heat rate peak value or said heat rate integral 
value, said target ignition stage and target heat rate peak value, or a target heat rate integral value, 
respectively. 

[0021] According to the pilot fuel-injection control approach in the engine by this invention, and its 
equipment Current engine target pilot fuel injection timing and the current engine target pilot 
injection quantity according to operational status are calculated from target pilot fuel injection timing 
and the target pilot injection quantity which are beforehand decided based on engine operational 
status. By pilot injection The heat rate which the injected fuel bums and is serially searched for 
based on the pressure of said combustion chamber as a stage to just change from negative It 
corresponds to the ignition stage and pilot injection which are determined. The heat rate peak value 
within the period decided beforehand Or a heat rate integral value so that it may be in agreement 
with the target ignition stage, the target heat rate peak value, or the target heat rate integral value 
defined according to target pilot fuel injection timing and the target pilot injection quantity, 
respectively Next pilot fuel injection timing and the next pilot injection quantity in pilot injection are 
amended. Thus, so that it may be in agreement with the combustion condition that the combustion 
condition of the fuel injected by pilot injection is defined according to target pilot fuel injection 
timing and the target pilot injection quantity Since control which amends pilot fuel injection timing 
and the pilot injection quantity is performed Even when variation and aging are in the fuel-injection 
property of each injector, also in the pilot injection with difficult fuel-injection control, the required 
pilot injection quantity is always secured and becomes possible [ maintaining engine actuation 
stability, engine exhaust gas engine performance, etc. good ]. Moreover, about the ignition stage of 
the fuel injected by pilot injection, the feedback control of the pilot injection quantity is forbidden 
and amendment of the pilot injection quantity is not performed until amendment of pilot fuel 
injection timing is stabilized until deflection with desired value becomes smaller than a 
predetermined value namely. 
[0022] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the pilot combustion injection 
control approach by this invention and its equipment are explained. The graph which showed the 
situation of change of the cylinder [ drawing 2 / which show the outline of the common rail type 
fuel-injection system in the engine with which the pilot fuel-injection control device according / 
drawing 1 / to this invention was applied / the mimetic diagram and drawing 2 ] internal pressure 
according to progress of whenever [ crank angle ], the rate of fuel injection, and a heat rate, and 
drawing 3 are graphs which show outlines, such as cylinder internal pressure in each injector in 
accordance with progress of whenever [ crank angle ], and data processing. In addition, the structure 
of an injector 3 etc. can adopt what was explained as a Prior art as an example of this invention, 
unless it is contradictory to this invention, and it uses it for explanation of an example suitably. 
[0023] The outline of a common rail type fuel-injection system in which the pilot fuel-injection 
control approach of the engine by this invention and its equipment are applied is shown in drawing 
1 . In this common rail type fuel-injection system, an engine is a 4-cy Under engine. Fuel supply to 
the injectors 31, 32, 33, and 34 (3 is used when naming generically) which inject a fuel, respectively 
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is performed to the combustion chamber (not shown) formed in a cylinder 2 from a common rail 22 
through the branch pipe 23 which constitutes a part of fuel passage. A feed pump 26 pressurizes the 
fuel which was made to pass a filter 25 and was sucked out of the fuel tank 24 at a predetermined 
pressure, and sends the pressurized fuel into a fuel pump 20 through a fuel pipe 27. A fuel pump 20 
is variable-capacity type high pressure pumping for the so-called plunger-type supplies which drives 
with an engine and carry out a pressure up to the high pressure to which a fuel is set based on engine 
operational status etc. and which are supplied to a common rail 22 through a fuel pipe 29. A fuel is 
stored by the common rail 22 where a pressure up is carried out to a predetermined pressure, and it is 
supplied to each injector 3 from a common rail 22. An injector 3 injects a fuel under control of the 
controller 37 which is an electronic control unit to the combustion chamber which corresponds with 
suitable fuel injection timing and the suitable injection quantity: The injection pressure of the fuel 
injected from an injector 3 is that which requires abbreviation etc. by carrying out, the pressure, i.e., 
the common-rail-pressure force, of the fuel currently stored by the common rail 22, and the 
common-rail-pressure force is controlled by controlling an injection pressure. The fuel relieved from 
the fuel pump 20 is returned to a fuel tank 24 through the return tubing 35. The fuel which was not 
spent on the injection to a combustion chamber among the fuels supplied to the injector 3 from the 
branch pipe 23 is also returned to a fuel tank 24 through the return tubing 36. 
[0024] The signal from the various sensors for detecting the operational status about the engine of 
the coolant temperature sensor 13 grade for detecting a circulating water temperature in the 
accelerator opening sensor 1 1 for detecting a sensor 10 and the amount Acc of accelerator opening 
whenever [ for detecting an engine speed Ne / crank angle ], the common-rail-pressure force sensor 
12 which is formed in a common rail 22 and detects the fuel pressure in a common rail 22 (common- 
rail-pressure force), and a list is inputted into the controller 37. The pressure sensor of inhalation of 
air for detecting for example, the pressure of inhalation of air besides these sensors can be included. 
A controller 37 controls the injection property of the fuel by each injector 3, i.e., fuel injection 
timing of a fuel, an injection pressure, and the injection quantity so that engine power and an exhaust 
gas property become the optimal thing adapted to operational status based on these signals. Even if 
the fuel in a common rail 22 is consumed by a fuel being injected from an injector 3, a controller 37 
controls the discharge quantity of a fuel pump 20 so that the common-rail-pressure force Per 
becomes fixed. 

[0025] The multiple cylinder engine 1 shown in drawing 1 is a 4-cylinder engine. The injectors 31, 
32, 33, and 34 which inject a fuel, and the cylinder internal pressure sensors 41, 42, 43, and 44 (4 is 
used when naming generically) as a pressure detection means to detect the pressure (cylinder internal 
pressure) of a combustion chamber are arranged in the combustion chamber (not shown) formed in a 
cylinder 2 by four gas column #l-#4, respectively, the cylinder internal pressure sensor 4 ~ each — it 
is faced and attached in the combustion chamber of gas column #l-#4. the cylinder internal pressure 
sensor 4 detected — each — the signal showing the cylinder internal pressure of gas column #l-#4 is 
inputted into a controller 37. Moreover, the signal which the sensor 10 detected, respectively is also 
inputted into a controller 37 whenever [ sensor 8 which is formed in multiple cylinder engine 1 and 
acquires information about rotation of engine, i.e., gas column distinction sensor which distinguishes 
gas column used as criteria, BTDC (before top dead center) sensor / which detects a location 
whenever / crank angle / in front of a compression top dead center / 9, and crank angle ]. 
[0026] Drawing 2 is the graph which showed the situation of change of the cylinder internal pressure 
(combustion chamber internal pressure) Pc, the rate Rf of fuel injection, and a heat rate q (it 
mentions later for details) to theta whenever [ crank angle ]. Although change of the cylinder internal 
pressure Pc in case fuel injection is not performed carries out symmetrical change to the peak of the 
cylinder internal pressure Pc with change of theta whenever [ crank angle ], if fuel injection (pilot 
injection) is performed at time of day Tp and the injected fuel is lit at time of day Tpz after that, the 
rise of the cylinder internal pressure Pc will become loose a little, and it will increase greatly after 
that. It is difficult to ask for whenever [ as a fuel ignition stage / crank angle ] correctly from this 
cylinder internal pressure Pc that goes abruptly up. In addition, injection control of the rate Rf of fuel 
injection shown in the graph of the middle is carried out so that it may have a peak in pilot injection 
and the Maine injection, respectively. 

[0027] Drawing 3 is a graph which shows the outline of change of the cylinder internal pressure 
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accompanying progress of whenever [ crank .angle ], and the generating situation of various signals. 
The crank angle sensor 10 outputs a signal for 1 degree of every crank angles. Hereafter, especially 
crank angle theta presupposes that it is the counted value of whenever [ crank angle / which counts 1 
for 1 degree of every crank angles ], unless it refuses. Whenever [ crank angle ], theta is 0 in the 
compression top dead center of # 1 cylinder, and takes a round of a four stroke cycle engine by two 
rotations 719 of a crankshaft, i.e., counted value. Four graphs of the upper case of drawing 3 express 
change of the cylinder internal pressure Pc accompanying progress of theta whenever [ crank angle / 
of gas column #l-#4 ], respectively. Since an engine 1 is a 4-cy Under, if the gas column number n is 
set to #l-#4 according to the list of a train, the combustion sequence i will serve as order of #1 ->#3 - 
>#4 ->#2, as shown in Table 1. 



fTable 11 






1 


#1 


2 


#3 


3 


#4 


4 


#2 



each — in gas column #l-#4, when it greets like compression / explosion line one after another in 
above order, combustion is performed and a certain gas column passes like an explosion line, the 
following gas column is contained in the compression stroke. The output of each sensor about 
rotation of an engine is shown in the graph of the middle of drawing 3 . # Since the gas column of 1 
is a criteria gas column, a gas column distinction (REF) signal is outputted at 120 degrees in front of 
a compression top dead center. Moreover, a BTDC signal is outputted at 60 degrees in front of the 
compression top dead center of each gas column. # About a 1 cylinder, since it is made theta from 
180 degrees to 180 degrees, i.e., whenever [ crank angle ], behind a compression top dead center in 
front of a compression top dead center, and # 1 cylinder greets like compression / explosion line 
when it is less than 180 or more in 540, the cylinder internal pressure Pc which changes a lot at this 
period is detected, and that detection data is stored. Based on the stored data, the Maine processing 
calculates in the predetermined time amount of 180 degrees behind a compression top dead center, 
and processing of an injector 31 is performed based on a next BTDC interrupt signal, the graph of 
the lower berth of drawing 3 — whenever [ crank angle ] — the increment in theta — following — each 
— the sequence and timing of processing of each injector 3 in gas column #l-#4 are shown roughly. 
[0028] The relation of the various kinds of sensors and an injector 3 centering on the controller 37 of 
this engine is shown in drawing 4 . Drawing 4 is the block diagram of the controller 37 which 
performs fuel-injection control which includes pilot injection-quantity control of the multiple 
cylinder engine which outputs the control signal to each injector in response to the detecting signal 
from the various sensors about rotation of an engine, and a cylinder internal pressure sensor, the gas 
column distinction (REF) sensor 8 which distinguishes the location of 120 degrees before the gas 
column from which the rotation sensor of an engine 1 serves as criteria among gas column #l-#4, for 
example, the top dead center of #1, — each —"it consists of a sensor 10 whenever [ BTDC sensor / 
which detects 60 degrees in front of the top dead center like the explosion line of gas column #l-#4 / 
9, and crank angle / which detects whenever / crank angle / for every degree ]. In relation to the 
driving shaft of a fuel pump 20, or the cam shaft for an induction-exhaust valve drive, it is arranged 
so that the gas column distinction sensor 8 and the BTDC sensor 9 may emit four BTDC signals and 
one REF signal, respectively, while a crankshaft rotates it two times, since an engine 1 is a four 
stroke cycle engine. A signal is inputted into being inputted into CPU14, and parallel also at DSP 
(digital signal processor) 15 whenever [ crank angle / which the sensor detected whenever / gas 
column distinction signal / which the gas column distinction REF sensor detected /, and crank 
angle ]. DSP 15 can subtract and add the inputted signal at high speed. 

[0029] In addition to each sensors 8-10 about rotation of the above-mentioned engine 1, in a 
controller 37, the detecting signal from the common-rail-pressure force sensor 12 showing the 
operational status of an engine 1 which detects pressures, such as the accelerator opening sensor 1 1 
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and a common rail, as a thing and the coolant temperature sensor 13 which detects the temperature of 
the cooling water which performs cooling of an engine 1, or a MAP sensor is inputted into a central 
processing unit (CPU) 14. 

[0030] An exchange of the data between CPU14 and DSP15 is performed through the dual port 
memory 16 which is common RAM which can be written from both of CPU14 and DSP15. It 
connects through the CPU bus 17 between CPU 14 and dual port memory 16, and connects through 
the DSP bus 18 between DSP 15 and dual port memory 16. The cylinder internal pressure sensors 4 
which detect the cylinder internal pressure Pc are the cylinder internal pressure sensors 41-44 faced 
and formed in each combustion chamber of gas column #l-#4, and detect the cylinder internal 
pressure Pc as relative pressure (gage pressure) with an atmospheric pressure. The analog signal of 
the cylinder internal pressure which the cylinder internal pressure sensors 41-44 detected is inputted 
into A-D converter 19, is changed into a digital signal, and is sent to DSP 15 through the DSP bus 18. 

[0031] the result to which CPU 14 was processed by DSP 15 about the information showing the 
operational status of the engine 1 inputted directly, and the cylinder internal pressure from the 
cylinder internal pressure sensors 41-44 from each sensors 8-13 — being based — an operation ~ 
carrying out — each — control about fuel injection, such as fuel injection timing of the injectors 31-34 
formed respectively corresponding to gas column #l-#4, fuel oil consumption, and fuel-injection- 
pressure control, is performed. DSP 15 processes addition and subtraction of the digital signal about 
the cylinder internal pressure Pc at high speed. Since this processing is digital processing, the 
differential and the integral of the cylinder internal pressure Pc can also be calculated similarly at 
high speed. Moreover, in order that CPU15 may control the discharge quantity of the fuel pump 20 
of an adjustable type in order to control the pressure of a common rail, and it may control the amount 
of exhaust gas recirculation, it controls EGR valve 21. 

[0032] in the pilot fuel-injection control by this invention, the amount of pilot heat release based on 
the pilot injection which searches for a pilot heat rate based on the cylinder internal pressure Pc 
which the cylinder internal-pressure sensors 41-44 detected, and is called for by integrating with the 
peak value of a pilot heat rate or a pilot heat rate is in agreement with target peak value or the 
amount of target pilot heat release, respectively — as ~ the electromagnetism of an injector 3 — the 
pilot injection pulse width supplied to an actuator 66 (refer to drawing 30 ) is amended. Moreover, in 
consideration of an ignition delay, the fuel injection timing of each injector 3 is amended in order to 
make in agreement the ignition stage for which it asked from the stage when the heat rate for which 
coincidence was asked from the cylinder internal pressure Pc which each cylinder internal pressure 
sensors 41-44 detected carries out a zero cross at a target ignition stage. Hereafter, the detail of this 
pilot fuel-injection control is explained based on actuation of CPU14, and actuation of DSP15. 
[0033] CPU 14 performs Maine processing shown in drawing 5 . Drawing 5 is a flow chart which 
shows the Maine processing of CPU in the controller shown in drawing 4 . This Maine processing 
consists of each following step. 

(1) Initialization of CPU 14 is performed (it abbreviates to step 1 and SI.). It is below the same. 

(2) Process a sensor signal (S2). The detecting signal from various kinds of sensors inputted into 
CPU14 as shown in drawing 4 is processed. 

(3) Perform count of the fuel quantity which each injector 3 should inject, i.e., fuel oil consumption, 
based on the information acquired by signal processing performed by S2 (S3). In the fuel 
characteristics-of-spray- amount map which the operational status of a multiple cylinder engine 1, 
i.e., accelerator opening and an engine speed., opts for count of fuel oil consumption beforehand, and 
is memorized by memory It is carried out by calculating the target fuel oil consumption Qb 
corresponding to the current accelerator opening detected, current operational status 1 1, i.e., 
accelerator opening sensor, and the engine speed called for from the BTDC signal etc. (the last fuel 
oil consumption may be calculated in the amount of amendments of the required injection quantity). 
The pilot injection quantity is calculated from this target fuel oil consumption and engine speed, it is 
with the Maine injection quantity and said target fuel oil consumption is divided. 

(4) Moreover, based on the information acquired by signal processing performed by S2, the stage 
when each injector 3 should inject a fuel, i.e., fuel injection timing, is calculated (S4). Even if it is 
injection [ which / of pilot injection and the Maine injection ], the target fuel injection timing 
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corresponding to the fuel oil consumption calculated by S3 and a current engine speed is called for 
on the fuel-injection-timing property map beforehand decided based on fuel oil consumption and an 
engine speed. 

(5) The pressure which injects a fuel, i.e., fuel injection pressure, is calculated so that the fuel oil 
consumption calculated by S3 can be injected at the fuel injection timing asked by S4 based on the 
information furthermore acquired by signal processing performed by S2 (S5). Control of fuel 
injection pressure is performed by asking for a target injection pressure from fuel oil consumption 
and an engine speed, and it is performed by controlling the flow control valve prepared in relation to 
a fuel pump 20 so that the common-rail-pressure force (fuel pressure) Per which the common-rail- 
pressure force sensor 12 detects may still more specifically turn into a target injection pressure. 
[0034] As already explained, the target fuel oil consumption Qb corresponding to accelerator 
opening, an engine speed, etc. which are in a current engine operation condition is calculated from 
the fuel characteristics-of-spray-amount map beforehand decided based on accelerator opening, an 
engine speed, etc., but in carrying out pilot injection, further, the fuel oil consumption Qp by pilot 
injection, i.e., the pilot injection quantity, is calculated from this target fuel oil consumption Qb and 
engine speed, and it divides the target fUel oil consumption Qb into the pilot injection quantity Qp 
and the Maine injection quantity Qm. 

[0035] in order to carry out the pilot fuel injection timing Tp expressed as a BTDC include angle, 
i.e., pilot injection, — the electromagnetism of an injector 3 — as shown in drawing 25 (1) - (3), a 
correlation is between the zero cross stage Tpz as the initiation stage of the pulse supplied to an 
actuator 66 (refer to drawing 30 ), and a real ignition stage which just changes a heat rate q from 
negative, pilot heat rate peak value qmax, and the pilot heat rate integral value Iq. The zero cross 
stage Tpz also becomes early at a BTDC include angle, so that the pilot fuel injection timing Tp is 
rash at a BTDC include angle. It turns out that pilot heat rate peak value qmax and the pilot heat rate 
integral value Iq serve as the maximum with the specific stage of the pilot fuel injection timing Tp. 
[0036] Moreover, as shown in drawing 26 , a correlation is also between the pilot injection quantity 
Qp (in this case restricting actual measurement), and the zero cross stage Tpz which just changes a 
heat rate q from negative, pilot heat rate peak value qmax and the pilot heat rate integral value Iq. 
The zero cross stage Tpz increases gradually pilot heat rate peak value qmax and the pilot heat rate 
integral value Iq with the increment in the pilot injection quantity Qp, although it will converge on 
the fixed include angle of BTDC if there is pilot injection quantity Qp more than a constant rate. 
About correlation between the pilot injection quantity Qp and pilot heat rate peak value qmax, I am 
understood also from drawing 24 . That is, if the rate of the pilot injection quantity Qp occupied to 
the target fuel oil consumption Qb is enlarged, while pilot heat rate peak value qmax is high and the 
amount of heat release increases, the amount of heat release will become [ the heat rate peak by the 
Maine injection ] low small. In the heat rate q shown in drawing 24 , it is most desirable to perform 
pilot injection so that change shown with a broken line may be produced. 

[0037] Fuel-injection control consists of injection-quantity control, fuel-injection-timing control, and 
an injection pressure force control as above-mentioned, and based on the zero cross stage Tpz called 
for from a heat rate q, pilot heat rate peak value qmax, and the pilot heat rate integral value Iq, from 
the above-mentioned correlation, a controller 37 performs control of each injector 3 and a fuel pump 
20 so that a fuel may be injected from each injector 3 on each above-mentioned injection conditions. 
For example, fuel injection timing and the injection quantity of pilot injection are amended by 
amending the output stage and pulse width of the pulse for a pilot injection drive of an injector 3. In 
the flow chart shown in drawing 5 , after CPU14 is initialized by SI, S2-S5 are performed in order to 
the injector 3 which should perform fuel injection, respectively, and above S2-S5 are repeated for 
every injection. The fuel injection pressure defined by the fuel oil consumption, the fuel injection 
timing, and the adjustable type fuel pump 20 which an injector 3 should inject is controlled so that 
fuel injection becomes the optimal under the relation of the trade-off which exists between exhaust 
gas, the noise, and an output, even if it is a time of an engine being in idling operational status 
especially, pilot heat rate peak-value qmax or a pilot heat rate integral value Iq turn into the desired 
value set up beforehand — as — the electromagnetism of an injector 3 — even if it controls pilot fuel 
injection timing so that a real ignition stage turns into a target ignition stage, and variation and aging 
are in the injection property of an injector 3, the optimal pilot injection and its combustion make 
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perform, while amending the pilot injection pulse width which drives an actuator 66 
[0038] One reference mark (loss of teeth is sufficient) is formed in the angular position 
corresponding to 120 degrees in front of the compression top dead center of criteria gas column #1, 
and when the gas column distinction sensor 8 detects this reference mark, 1 time per pumping-axes 1 
rotation of a REF signal is outputted to the rotor plate fixed to the pumping axes of a fuel pump 20, 
or the cam shaft for an induction-exhaust valve drive. The gas column distinction sensor's 8 output of 
a REF signal performs REF interrupt processing as shown in drawing 6 . Drawing 6 is a flow chart 
which shows interrupt processing when a gas column distinction signal is inputted into CPU 14 in the 
Maine processing shown in drawing 5 . In this interrupt processing, reset processing which sets 
counted value CNb of a BTDC signal to 0 is performed. That is, since a multiple cylinder engine 1 is 
a 4-cylinder engine, a BTDC signal can take four integers from 0 to 3. Since the gas column 
distinction sensor 8 detects this reference mark before injection and ignition of the fuel in each gas 
column take a round from from and counted yalue CNb is set to 4, when counted value CNb is 0, 
counted value CNb is set to 0 (S6). 

[0039] The mark (loss of teeth is sufficient) in front of [ of four ] a top dead center is formed in the 
angular position corresponding to 60 degrees every 90 degrees in front of the compression top dead 
center in each gas column, and when the BTDC sensor 9 detects a mark in front of a top dead center, 
4 times per pumping-axes 1 rotation of BTDC signals are outputted to the rotor plate fixed to the 
pumping axes of a fuel pump 20, or the cam shaft for an induction-exhaust valve drive (see the graph 
shown in the middle of drawing 3 ). If a BTDC signal is inputted into CPU14, BTDC signal interrupt 
processing which is explained below will be performed. 

[0040] BTDC signal interrupt processing of drawing 7 is performed as follows. Drawing 7 is a flow 
chart which shows interrupt processing in the CPU Maine processing shown in drawing 5 when a 
BTDC signal is inputted. 

(1) The rotational speed of an engine 1 is calculated (S10). That is, based on the time amount taken 

[ after detecting the last BTDC signal ] to detect this BTDC signal, the rotational speed of the engine 
1 per unit time amount is computed. 

(2) Judge whether the counted value CNb of a BTDC signal is 0 (SI 1). If counted value CNb is 0, 
fuel-injection processing (activation of the fuel injection of S2-S5, and after that) of the injector 31 
formed in the gas column (#1) of the combustion sequence i= 1 will be performed (SI 2). The outline 
of the timing of processing of this injector is shown in the graph of the bottom of drawing 3 . 

(3) If counted value CNb is not 0 in the judgment by SI 1, it will shift to S13 immediately and will 
judge whether counted value CNb is 1 (SI 3). 

(4) If counted value CNb is 1, fuel-injection processing (activation of the fuel injection of S2-S5, and 
after that) of the injector 33 formed in the gas column (#3) of i= 2 will be performed (SI 4). 

(5) If counted value CNb is not 1 in the judgment by S 1 3 , it will shift to S 1 5 immediately and fuel- 
injection processing of the injector in the case of being YES will be performed in the same judgment 
processing as the above, and judgment processing below (SI 5). 

(6) By S12, S14, or S15, if fuel-injection processing of which injector 3 of #l-#4 is performed, since 
it will surely be set to NO in judgments other than the judgment of the corresponding counted value 
CNb, make into the new counted value CNb what increased 1 to counted value CNb by S16 (SI 6), 
and end this interrupt processing. Also in this next interrupt processing, the judgment to the 
following counted value CNb serves as YES by either of the same judgments by SI 1, S13, or S15. If 
the sequential increment of the counted value CNb is carried out and counted value CNb is set to 3, 
before counted value CNb is set to 4, a reference mark will be detected, and counted value CNb will 
be reset by S6 0. 

[0041] Next, the Maine processing of DSP 15 is explained with reference to drawing 8 . Drawing 8 is 
a flow chart which shows the DSP Maine processing in the controller shown in drawing 4 . 

(1) Initialize DSP (S20). 

(2) If initialization is completed, cylinder internal pressure processing will be performed (S21). It is 
for cylinder internal pressure processing being processing of the cylinder internal pressure data of 
detected gas column #l-#4, performing it by repeating cylinder internal pressure data processing for 
every degree whenever [ crank angle ] about gas column #l-#4 corresponding, and calculating the 
amount of pilot heat release based on count and it of a heat rate etc. About the detail of cylinder 
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internal pressure processing, it mentions later. 

[0042] In DSP, AD translation termination-interrupt processing shown in drawing 9 is performed as 
a premise for performing processing in a cylinder shown in S21. Drawing 9 is a flow chart which 
shows interrupt processing at the time of the AD translation termination in the DSP Maine 
processing shown in drawing 7 . In this interrupt processing, each step of the read in of the AD 
translation result of cylinder internal pressure (namely, chamber pressure), initialization of whenever 
[ crank angle ], storing in the memory of cylinder internal pressure data, and renewal of whenever 
[ crank angle ] is performed synchronizing with the signal in every degree of whenever [ crank 
angle ]. That is, although the cylinder internal pressure of each gas column is changed into digital 
one from the analog by A-D converter 19 (refer to drawing 4 ) for every degree whenever [ crank 
angle ], interrupt processing is performed whenever conversion by this A-D converter 19 ends the 
AD translation termination-interrupt processing shown in drawing 9 . 

(1) Read the AD translation result ADr of cylinder internal pressure (i) (S30). The AD translation 
result ADr of each cylinder internal pressure (i) is read as Pc (i) in order of [ i ] combustion (= 1-4). 

(2) Next, initialization of whenever [ crank angle ] is performed (S31). 

(3) Cylinder internal pressure data are stored in memory (S32). 

(4) Renewal of whenever [ crank angle ] is performed (S33). 
About S31-S33, a detail is explained below, respectively. 

[0043] Next, with reference to the flow chart shown in drawing 10 , initialization of whenever [ in 
S31 / crank angle ] is explained. Drawing 10 is a flow chart which shows processing of initialization 
of whenever [ in interrupt processing at the time of the AD translation termination which ** to 
drawing 9 / crank angle ]. An engine is a 4-cylinder engine, and since injection and ignition of the 
fuel of each gas column take a round of two rotations of a crankshaft, a round period of whenever 
[ crank angle ] is 720 by the count of a count, theta counts 1 at 1 degree whenever [ crank angle ]. 
The counted value to 719 is taken until theta sets the time of the gas column (#1) of the combustion 
sequence i= 1 taking the location of a top dead center to 0 whenever [ crank angle ] and injection and 
ignition of the fuel of a 4-cylinder take a round. 

(1) Judge whether initialization of whenever [ crank angle ] is already completed (S40). If 
initialization of whenever [ crank angle ] is completed, it will already return to the routine of an AD 
translation termination interrupt immediately. If initialization of whenever [ crank angle ] is not 
completed, a step shifts to S41. 

(2) Judge whether the REF signal outputted to 120 degrees in front of the top dead center of a 
specific gas column (#1), i.e., the gas column of i= 1, has started (S41). If the REF signal has not 
started, a return is immediately carried out to the routine of an AD translation termination interrupt. 

(3) If the REF signal has started in S41, theta will be set as the 720 minus 120 (namely, 600) 
whenever [ crank angle ] (S42). 120 is equivalent to whenever [ setting-angle / of the gas column 
distinction sensor 8 ]. 

(4) After a setup in S42 is completed, initialization of whenever [ crank angle ] is completed (S43). If 
initialization of whenever [ crank angle ] is performed, unless engine starting is performed next time, 
initialization which is whenever [ crank angle ] will not once be performed. 

[0044] Next, with reference to the flow chart shown in drawing 1 1 , the storing processing to the 
memory of the cylinder internal pressure data in S32 is explained. Drawing 1 1 is a flow chart which 
shows the storing processing to the memory of the cylinder internal pressure data in interrupt 
processing at the time of the AD translation termination which ** to drawing 9 . 

(1) Judge whether theta is 540 or more and less than 180 whenever [ crank angle / which was 
initialized ] (S50). If theta is not [ whenever / crank angle ] contained within the limits of this, it 
shifts to S57. Whenever [ crank angle / which is defined by S50 ], whenever [ crank angle / of the 
gas column (#1) of i= 1 ] is the range corresponding to less than 180 degrees before and behind a 
compression top dead center, and the range of theta is range even like [ from a compression stroke ] 
an explosion line. Cylinder internal pressure in the meantime is important for ignition stage control, 
and is adopted as data. 

(2) It is judged whether theta is 540 whenever [ crank angle ] (S51). If theta is 540 whenever [ crank 
angle ], since it is the starting point of the range of theta whenever [ above-mentioned crank angle ], 
crank angle whenever [ classified by gas column defined as whenever / crank angle / about the gas 
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column of i= 1 ] thetac (1) is cleared, and it is referred to as 0 (S52). It is shown that one in a 
parenthesis is whenever [ about the gas column of i= 1 / crank angle ]. Therefore, thetac (1) takes the 
values from 0 to 359. 

(3) Let cylinder internal pressure Pc about the gas column of i= 1 (1) be the cylinder internal 
pressure Pc (thetac (1), 1) at the time of crank angle whenever [ classified by gas column ] thetac (1) 
(S53). 

(4) Judge whether crank angle whenever [ classified by gas column about the gas column of i= 1 ] 
thetac (1) is 359 (S54). That is, it judges whether it is the terminal point of the range whenever 

[ about the gas column of i= 1 / data collection crank angle ]. 

(5) Supposing thetac (1) is 359, since thetac (1) is after performing it from 0 to 359, storing of the 
cylinder internal pressure data about the gas column of i= 1 will already have ended it (S55). 

(6) Supposing thetac (1) is not 359, since thetac (1) has not reached to a terminal point yet, it will set 
to new thetac (1) that from which only 1 increased the number of counts of thetac (1) corresponding 
to advancing 1 degree whenever [ crank angle ] (S56). 

[0045] (7) Next, theta judges [ or more 0 ] whether it is less than 360 whenever [ crank angle ] (S57). 
If theta is not [ whenever / crank angle ] contained within the limits of this, it shifts to S64. 
Whenever [ crank angle / which is defined by S57 ], the corresponding range of whenever [ crank 
angle / of the gas column (#3) of the combustion sequence i= 2 ] is less than 180 degrees before and 
behind a compression top dead center, and the range of theta is range even like [ from the 
compression stroke ] an explosion line. Cylinder internal pressure in the meantime is required for 
ignition stage control, and it is adopted as data. Therefore, when theta is less than [ 0 or more ] 1 80 
whenever [ crank angle ], storing of the cylinder internal pressure data about the gas column (#1) of 
i= 1 and the gas column (#3) of i= 2 is performed. 

(8) It is judged whether theta is 0 whenever [ crank angle ] (S58). If theta is 0 whenever [ crank 
angle ], since it is the starting point of the range of theta whenever [ above-mentioned crank angle ], 
crank angle whenever [ classified by gas column defined as whenever / crank angle / about the gas 
column (#3) of i= 2 ] thetac (2) is cleared, and it is referred to as 0 (S59). Therefore, thetac (2) about 
the gas column of i= 2 takes the values from 0 to 359. 

(9) Let cylinder internal pressure Pc (2) about the gas column of i= 2 at the time of crank angle 
whenever [ classified by gas column ] thetac (2) be the cylinder internal pressure Pc (thetac (2), 2) 
(S60). 

(10) Judge whether crank angle whenever [ classified by gas column about the gas column of i= 2 ] 
thetac (2) is 359 (S61). 

(1 1) Supposing thetac (2) is 359, since thetac (2) is after performing it from 0 to 359, storing of the 
cylinder internal pressure data about the gas column of i= 2 will already end it (S62). 

(12) Supposing thetac (2) is not 359, since thetac (2) has not reached to a terminal point yet, it will 
set to new thetac (2) that from which only 1 increased the number of counts of thetac (2) 
corresponding to advancing 1 degree whenever [ crank angle ] (S63). 

(13) henceforth - i= — also about the gas column (#4 and #2) of 3 and 4, carry out same processing 
and store cylinder internal pressure data in memory (S64). 

[0046] Next, an update process of whenever [ crank angle ] is explained with reference to the flow 
chart shown in drawing 12 . Drawing 12 R> 2 is a flow chart which shows an update process of 
whenever [ in interrupt processing at the time of the AD translation termination shown in drawing 9 / 
crank angle ]. The update process S33 of whenever [ crank angle ] is performed for every increment 
of thetac. 

(1) Whenever [ crank angle ], increase one and update theta (S70). 

(2) Judge whether theta is less than 720 whenever [ crank angle ] (S71). Since the injection about 
four gas columns and ignition have not taken a round yet with [ whenever / crank angle / theta ] 720 
[ less than ], interrupt processing after AD translation termination is continued. 

(3) With [ whenever / crank angle / theta ] 720 [ or more ], reset theta to 0 whenever [ crank angle ] 
(S72). 

[0047] Next, with reference to the flow chart shown in drawing 13 , the detail of the cylinder internal 
pressure processing under Maine processing of DSP shown in drawing 8 (S21) is explained. 
Drawing 13 is a flow chart which shows the cylinder internal pressure processing in the Maine 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/15/2005 



JP,1 1-173201 ,A [DETAILED DESCRIPTION] Page 13 of 20 



processing of DSP shown in drawing 8 . 

(1) Judge whether the cylinder internal pressure data storage (S55 of drawing 11 ) of a part has ended 
1 combustion line of the gas column (#1) of the combustion sequence i= 1 (S80). If the cylinder 
internal pressure data storage of the gas column (#1) of i= 1 is not completed, it judges whether it 
shifted to S84 and the cylinder internal pressure data storage of the gas column (#3) of i= 2 is 
completed. 

(2) By the judgment of S80, after the cylinder internal pressure data storage of the gas column of i= 1 
is completed, perform filtering to data (S81). Since cylinder internal pressure data are changed 
sharply, they perform filtering, such as taking the moving average, remove a noise, and obtain a 
smooth cylinder internal pressure curve (refer to drawing 2 ). 

[0048] (3) Calculate a heat rate q from the obtained pressure curve (S82). A heat rate q is searched 
for as follows. First, cylinder content volume Vtheta is expressed with the following formula. 
[Equation 1] 



ve = vc+^x — 



B* ( S / S I 7s f 

— X < L+ — ^— COS0C+/L 2 - — cosdcj 



Here, for Vc, a clearance volume [m3] and S are [ connecting rod die length [m] and thetac of a 
piston stroke [m] and L ] whenever [ crank angle ] (deg). Although this cylinder content volume 
Vtheta and the differential value according to thetac whenever [ that crank angle ] may be calculated 
on real time whenever thetac is updated whenever [ crank angle ], it may be begun serially to read 
them from the map data which asked by count beforehand and were stored in memory. Moreover, 
whenever [ cylinder internal pressure Pc and its crank angle ], a sensor detects the differential value 
by thetac and it is acquired by processing by DSP. Heat rate q=dQ/dthetac is called for by the 
following formula (thetac is treated as a continuous variable among a formula). 
[Equation 2] 



dQ 1 

q «= 



dec K~i 



dP0 dVS 
V0 . +/c • P0 • 

dec dec 



dVfl \ 



Here, the upper formula is calculated on real time noting that the ratio of specific beat kappa is fixed. 

(4) Calculate qmax (1) which is the peak value of the heat rate produced by pilot injection, i.e., a 
pilot heat rate, based on the result of the heat rate q calculated by S82 (S83). About the detail of 
count of peak value qmax (1) of a pilot heat rate, it mentions later. 

[0049] (5) If the cylinder internal pressure data storage of the gas column (#1) of the combustion 
sequence i= 1 is not completed, judge whether the cylinder internal pressure data storage of the gas 
column (#3) of i= 2 is completed (S84). Since it is the same as that of S80-S83, each step of filtering 
after S84 (S85), count (S86) of a heat rate q, and count (S87) of peak value qmax (2) of a pilot heat 
rate is skipped. Similarly, processing with the same said of the gas column (#4) of i= 3 and the gas 
column (#2) of i= 4 is performed. In addition, processing of drawing 13 is in the condition with 
which storing of the cylinder internal pressure data of a part finished 10 combustion lines of each gas 
column as interruption of whenever [ crank angle ], and each step of filtering, count of a heat rate q, 
and count of peak value qmax (i) of the pilot heat rate q is performed. 

[0050] Next, with reference to drawing 14 , count of the pilot ignition stage Tpz as a fuel ignition 
stage (i) and pilot heat rate peak value qmax (i) is explained. Drawing 14 is a flow chart which 
shows the computation of pilot heat rate peak value qmax (i) in the cylinder internal pressure 
processing shown in drawing 13 , and detection processing of the pilot ignition stage Tpz. i is the 
combustion sequence that the value of 1-4 can be taken, and since common processing is performed 
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to i value each, unless it refuses especially, it omits description of combustion sequence. 

(1) in order to carry out pilot injection — the electromagnetism of an injector 3 — in order to consider 
Maine injection as the initiation stage (namely, pilot fuel injection timing) Tp of the pulse supplied 
to an actuator 66 - the electromagnetism of an injector 3 - read the initiation stage (it abbreviates to 
Maine fuel injection timing) Tm of the pulse supplied to an actuator 66, and an engine speed Ne 
from dual port memory 16 (S90). These data are processed by CPU 14 and written in the dual port 
memory 16 which is RAM (see drawing 4 ). 

(2) Calculate initiation delay thetaa (crank angle) showing the delay by the stage to start count of 
pilot heat rate peak value qmax (i) from the pilot fuel injection timing Tp of a count period (S91). 
Initiation delay thetaa of a count period is beforehand decided to become smaller than the value or it 
which added ignition-delay alpha to injection-lag thetai of an injector 3, as shown in drawing 27 . 
Injection-lag thetai is time amount regularity "mostly, and since ignition-delay alpha changes with 
engine speeds Ne, initiation delay thetaa of a count period becomes map data which make an engine 
speed Ne a variable. 

(3) Calculate count initiation include-angle thetas of pilot heat rate peak value qmax by the following 
formula from the pilot fuel injection timing Tp and initiation delay thetaa (S92). In addition, the pilot 
fuel injection timing Tp doubles the dimension with whenever [ crank angle ]. 

Count period termination delay thetab of pilot heat rate peak value qmax is calculated from the theta 
s<-Tp+theta a(4) Maine fuel injection timing Tm (S93). count period termination delay thetab — the 
Maine injection sake — the electromagnetism of an injector — it is calculated as a period equivalent 
to the sum of an injection lag until the Maine injection is injected from the Maine fuel injection 
timing Tm equivalent to the standup of the driving pulse supplied to an actuator, and ignition-delay 
beta by the stage which the fuel injected by the Maine injection lights. Since ignition-delay beta is 
dependent on an engine speed Ne, count period termination delay thetab becomes map data which 
make an engine speed Ne a variable. 

(5) From the Maine fuel injection timing Tm and count period termination delay thetab, count 
termination include-angle thetae of pilot heat rate peak value qmax is calculated by the following 
formula (S94). In addition, the pilot fuel injection timing Tp doubles the dimension with whenever 
[ crank angle ]. 

thetae<-Tm+thetab (6) The stage Tpz which the fuel injected by the pilot injection which exists in 

the count include-angle period from thetas to thetae lights, i.e., a pilot ignition stage, is detected 

(S95). The detected pilot ignition stage Tpz is written in the dual port memory 16 shown in drawing 
4 

(7) Calculate pilot heat rate peak value qmax as maximum in the count include-angle period from 
thetas to thetae by count, and write in dual port memory 16 (S96). 

In addition, the relation between count section initiation delay thetaa, count section termination delay 
thetab, and an engine speed is shown in the graph of drawing 28 . Generally, if an engine speed 
increases, whenever [ crank angle / which appears as delay ] will tend to become small. 
[0051] Next, with reference to drawing 15 , count of the pilot ignition stage Tpz using the data of a 
heat rate is explained. Drawing 15 is a flow chart which shows the computation which asks for the 
pilot ignition stage Tpz from the heat rate searched for in the cylinder internal pressure processing 
shown in drawing 13 . Common processing is performed to each combustion sequence i (the value of 
1-4 can be taken). Moreover, thetae is whenever [ crank angle / of the compression expansion 
process of each gas column ] (counted value), and an explosion line counts whenever [ 180-degree 
crank angle / of the range ] to 0-359 before and behind a top dead center. This flow chart is 
performed when thetae is three or more, as shown in SI 00. In S83 or S86 grade, the heat rate q is 
already searched for. Moreover, the graph of the heat rate q over thetae is referred to whenever 
[ crank angle / which is shown in drawing 29 ]. In addition, the pilot ignition stage Tpz is data on 
dual port memory 1 6 (refer to drawing 4 ). 

(1) Judge whether q (thetac-3) is negative about the gas column in which ignition and combustion of 
a fuel are performed (SI 01). 

(2) If q (thetac-3) is negative, it will judge whether q (thetac-2) when thetae progresses whenever 
[ crank angle / of the gas column concerned ] only in one count is negative (SI 02). 

(3) If q (thetac-2) is negative, it will judge whether q (thetae- 1) when thetae progresses whenever 
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[ crank angle / of the gas column concerned ] only in further 1 count is forward (SI 03). 
(4) If q (thetac-1) is forward, it will judge whether q (thetac) when thetac progresses whenever 
[ crank angle / of the gas column concerned ] only in further 1 count is forward (SI 04). 
[0052] (5) If q (thetac) is forward, the pilot ignition stage Tpz will presuppose that it is thetac-2 
(SI 05). That is, since the sign of a heat rate q is changing by whenever [ four continuous crank 
angle ] between thetac-2 which it is at the middle time, and thetac-1, it is considered that the pilot 
ignition stage Tpz is thetac-2. In practice, since a zero crossing point is between thetac-2 and thetac- 
1, it may interpolate and you may ask for a zero crossing point. Moreover, when the precision of an 
operation is good, you may ask for the time of a sign just changing from negative by two points of 
order as a zero crossing point. 

(6) When q (thetac-3) is forward in SI 01, q (thetac-2) is forward in SI 02 and q (thetac-1) is negative 
in SI 03, and when q (thetac) is negative in SI 04, whenever [ crank angle ] makes the pilot ignition 
stage Tpz the stage of 0, respectively (SI 06). That is, only when the sign of q changes between 
thetac-2 and thetac-1, the pilot ignition stage Tpz is called for by SI 05, and the pilot ignition stage 
Tpz is altogether set to 0 in the other situation. 

(7) Judge whether the pilot ignition stage Tp2 is 0 (SI 07). 

(8) Increase c by 1 ******** whenever [ crank angle ] as the pilot ignition stage Tpz is 0 (S108). 

(9) Judge whether there is thetac by 360 whenever [ crank angle ] (SI 09). That is, it judges whether 
it is the counted value of the last of the range which thetac can take. If thetac still is not 360, it will 
return to SI 01 and a routine will be performed again. 

[0053] If the fuel which pilot fuel injection was performed and was injected at time of day Tp when 
drawing 2 was referred to again is lit, the rise of the cylinder internal pressure Pc will become loose a 
little, and will increase greatly with subsequent ignition. Although it was difficult to judge correctly 
whenever [ crank angle / which a fuel lights ] from this cylinder internal pressure Pc that goes 
abruptly up, if its attention is paid to a heat rate q, it can ask for a real fuel ignition stage correctly as 
mentioned above. That is, although 1 ** shows a negative heat rate by endoergic as shown in the 
graph of the heat rate q of the lower berth when a fuel is injected by the combustion chamber at the 
rate Rf of fuel injection shown in the graph of the middle of drawing 2 , it changes to a forward heat 
rate after that, the beginning when, as for the heat rate q, fuel injection was performed — some — 
negative — becoming (based on evaporation of a fuel) — the pilot ignition stage Tpz can be easily set 
by considering that the zero cross time of day which changes to an increment and a heat rate q just 
changes from negative with ignition of the fUel injected by pilot injection is an ignition stage. In 
addition, the period from time of day Tp to time of day Tpz is equivalent to the ignition-delay period 
of a fuel. If the pilot ignition stage Tpz can be found, the fuel injection timing in each injector will be 
corrected so that a real fuel ignition stage may be in agreement with the target fuel ignition stage 
called for according to operational status. About concrete correction processing of fuel injection 
timing, it mentions later. 

[0054] Next, the count of pilot heat rate peak value qmax shown by S96 is explained with reference 
to drawing 16 . Drawing 16 is a flow chart which shows count of pilot heat rate peak value qmax in 
the count (S96) of pilot heat rate peak value qmax shown in drawing 14 . 

(1) Place starting point thetas of a count include-angle period with thetamax, and place the heat rate 
q in starting point thetas (thetas) with qmax (SI 10). 

(2) Set to new crank angle whenever thetac what added 1 degree of increments to theta whenever 
[crank angle ] (Sill). 

(3) The heat rate q at the time of thetac (thetac) judges whether it is size from the last heat rate q 
(thetac-1) whenever [ new crank angle ] (SI 12). 

(4) From a heat rate q (thetac-1), when a heat rate q (thetac) is size, while it replaces qmax according 
to the heat rate q at the time of thetac (thetac) whenever [ new crank angle ], it replaces thetamax by 
theta whenever [ new crank angle ] (SI 13). 

(5) After the replacement by SI 03 finishes when a heat rate q (thetac) is below the heat rate q 
(thetac-1) in the judgment of SI 02 or, judge whether theta is below terminal point thetae of a count 
include-angle period whenever [ crank angle ] (SI 14). When thetac has not reached terminal point 
thetae of a count include-angle period yet whenever [ crank angle ], it returns to SI 1 1 and the above- 
mentioned processing is repeated. If theta reaches terminal point thetae of a count include-angle 
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period whenever [ crank angle ], it will return to the flow of count of the pilot ignition stage shown 
in drawing 14 , and heat rate peak value. 

[0055] Next, it returns to explanation of processing by CPU14 (refer to drawing 4 ). if the pilot 
ignition stage Tpz (i) and pilot heat rate peak value qmax (i) can be found, the pilot ignition stage 
Tpz (i) and pilot heat rate peak value qmax (i) are in agreement with each desired value decided 
beforehand with the flow chart shown in drawing 14 - drawing 16 - as — the electromagnetisrn of 
each injector 3 » the output stage and width of face of a driving pulse which are supplied to an 
actuator 66 are amended. The injector 31 with which the combustion sequence i was formed in gas 
column #1 which is 1 in the correction processing is taken for an example, and is explained below. In 
addition, since it restricts in order of [ i= 1 ] combustion here, it omits for the simplification of a 
display. Drawing 17 is a flow chart which shows the output stage of the driving pulse for pilot 
injection in drive processing of the injector 31 in BTDC signal interrupt processing shown in 
drawing 7 , and amendment processing of width of face. As a premise of amendment processing of 
this driving pulse width of face for pilot injection, REF interrupt processing is started synchronizing 
with the gas column distinction REF signal shown in drawing 6 , the counter CNb for gas column 
distinction shall be reset, BTDC signal interrupt processing shall be further started synchronizing 
with the BTDC signal shown in drawing 7 , and the gas column which injects a fuel according to the 
value of the counter CNb for gas column distinction shall be judged. 

(1) The conditions of the fuel injection which should inject a fuel with the corresponding injector are 
read (S120). The conditions of fiiel injection are fuel injection pressure (namely, common-rail- 
pressure force Per), the Maine injection quantity Qm, the pilot injection quantity Qp, the Maine fuel 
injection timing Tm, and the pilot fuel injection timing Tp. 

(2) Judge whether current and the pilot injection quantity Qp are 0 (SI 21). since it is not necessary to 
calculate pilot heat rate peak value qmax when the pilot injection quantity Qp is 0, in order to shift to 
SI 29 and to perform Maine injection — the electromagnetisrn of an injector 31 — it asks for the 
driving pulse width of face (it abbreviates to the Maine injection pulse width hereafter) supplied to 
an actuator 66 (refer to the drawing 3030 ). 

(3) When the pilot injection quantity Qp is not 0, judge whether engine operational status is idle 
operational status (S122). Since many problems (destabilization of operation, the noise, exhaust gas 
property) in accordance with an engine operation condition being idle operation do not become 
remarkable especially when engine operational status is not idle operational status, it shifts to SI 29 
and fuel-injection control in the Maine injection is performed. Of course, this step (SI 22) is skipped 
and amendment may be made to be performed about the injection quantity of pilot injection, and fuel 
injection timing also by operational status other than idle operation. 

(4) when engine operational status is idle operational status, amount of amendments deltaTp of the 
pilot fuel injection timing Tp according to the pilot injection quantity Qp, the pilot fuel injection 
timing Tp, etc. at that time calculates - having (SI 23) - amount of amendments deltaPWp of the 
pilot injection pulse width PWp is calculated (SI 24). The detail about count of these amounts of 
amendments is mentioned later. 

[0056] (5) Let what amended the last pilot fuel injection timing by the following formula be this, i.e., 
last, pilot fuel injection timing Tp based on amount of amendments deltaTp of the pilot fuel injection 
timing Tp called for by S123 (S125). 

Tp<- The pilot injection pulse width PWp is calculated from the Tp+delta Tp(6) fuel injection 
pressure Per, the pilot injection quantity Qp, and injector flow characteristics (S126). 
(7) Calculate last pilot injection pulse width PWpf by adding amount of amendments deltaPWp 
calculated by S124 to the pilot injection pulse width PWp for which it asked by S126 (S127). 
the electromagnetisrn of the PWpf<-PWp+delta PWp (8) injector 31 - the injection pulse for pilot 
injection which has the pulse initiation stage and pulse width corresponding to last pilot injection 
pulse width PWpf calculated in the last pilot fuel injection timing Tp and SI 27 calculated by SI 25, 
respectively is set to the driving pulse output counter for pilot injection (not shown) which outputs 
the driving pulse for driving an actuator 66 (S128). 

(9) Since the pilot injection pulse width PWp is amended, the pilot injection quantity Qp read by 
SI 20 and different injection quantity are injected in fact. Therefore, in order not to change the total 
fuel injection quantity, the Maine injection pulse width PWm which deducted the last pilot injection 
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quantity is calculated (SI 29). 

(10) the electromagnetism of an injector 31— the injection pulse for the Maine injection which has 
the pulse initiation stage and pulse width corresponding to the Maine injection pulse width PWm for 
which it asked in the Maine fliel injection timing Tm and SI 29 read into the driving pulse output 
counter for the Maine injection (not shown) which outputs the pulse which drives an actuator 66 by 
S120, respectively is set (S130). 

[0057] The detail of count of amount of amendments deltaTp of the pilot fuel injection timing Tp in 
SI 23 is explained with reference to drawing 18 . Drawing 18 is a flow chart which shows the 
computation of amount of amendments deltaTp of the pilot fuel injection timing Tp. 

(1) Calculate the target pilot ignition stage Tbpz from fuel oil consumption and an engine speed, and 
read the result (S140). 

(2) Calculate deflection deltaTe of the last pilot ignition stage Tpz of the gas column (considering 
relation with drawing 17 #1) which performs injection on dual port memory 16 (refer to drawing 4 ), 
and the target pilot ignition stage Tbpz (S141). 

deltaTe<-Tbpz-Tpz(3) deflection deltaTe is multiplied by gain Gtheta, an integral, i.e., the thing 
which multiplied deflection deltaTe by gain Gtheta, is added to the last amount of pilot fuel- 
injection-timing amendments deltaTp, and amount of pilot fiiel-injection-timing amendments 
deltaTp of the next time of each gas column is calculated (SI 42). 

deltaTp<-deltaTp+deltaTexGtheta [0058] The detail of count of amount of amendments deltaPWp of 
the pilot injection pulse width PWp in SI 24 is explained with reference to drawing 19 . Drawing 19 
is a flow chart which shows the computation of amount of amendments deltaPWp of the pilot 
injection pulse width PWp. 

(1) It is judged from the threshold gamma ignition stage deflection deltaTe calculated by S 141 was 
beforehand decided to be whether it is size (SI 50). From a threshold gamma, when ignition stage 
deflection deltaTe is size, it does not amend pilot injection pulse width PWp. 

(2) From a threshold gamma, when ignition stage deflection deltaTe is smallness, it calculates target 
pilot heat rate peak value qbmax from fuel oil consumption and an engine speed (SI 51). 

(3) Calculate deflection deltaqmax of pilot heat rate value .peak value qmax of an injection gas 
column (#1) and target pilot heat rate peak value qbmax which ask in S83 grade and are memorized 
by dual port memory 16 (refer to drawing 4 ) (SI 52). 

deltaqmax<-qbmax-qmax(4) deflection deltaqmax is multiplied by Gain Gp, an integral, i.e., the 
thing which multiplied deflection deltaqmax by Gain Gp, is added to the last amount of pilot 
injection pulse width amendments deltaPWp, and next amount of pilot injection pulse width 
amendments deltaPWp is calculated (SI 53). 

delta PWp<-delta PWp+delta qmaxxGp [0059] It replaces with control by pilot heat rate peak vaiue 
qmax about control of the pilot injection pulse width PWp, and control by the pilot heat rate integral 
value Iq is possible. That is, drawing 20 is a flow chart corresponding to drawing 13 , and is a flow 
chart which shows the cylinder internal pressure processing in the Maine processing of DSP shown 
in drawing 8 . The overlapping explanation is omitted about the step which is common in the flow 
chart shown in drawing 13 . In SI 63 and SI 67, count of the integral value Iq of the pilot heat rate q 
is performed based on the result of the heat rate q calculated by SI 62 or SI 66. This integral value Iq 
is equivalent to the amount of pilot heat release produced when the fuel injected by pilot injection 
lights and burned. 

[0060] The detail of count of the integral value Iq is explained based on the flow chart shown in 
drawing 21 . Drawing 21 is a flow chart corresponding to drawing 14 , and is a flow chart which 
shows the computation of the pilot heat rate integral value Iq in the cylinder internal pressure 
processing shown in drawing 20 . The overlapping explanation is omitted about steps, such as a 
count period which is common in the flow chart shown in drawing 14 . In the period between count 
initiation include-angle thetas of the pilot heat rate integral value Iq, and count termination include- 
angle thetae, the pilot heat rate q which has a forward value finds the integral (SI 75). 
[0061] Count of the pilot heat rate integral value Iq shown by SI 75 is explained with reference to 
drawing 22 . Drawing 2222 is a flow chart which shows count of the pilot heat rate integral value Iq 
in count of the pilot heat rate integral value Iq shown in drawing 21 . 
(1) Place the original pilot heat rate integral value Iq with zero (SI 80). 
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(2) Judge whether the pilot heat rate q is a forward value (SI 81). When the pilot heat rate q is a 
negative value or 0, it shifts to SI 83 and only 1 updates thetac (counted value) whenever [ crank 
angle ]. 

(3) When the pilot heat rate q is a forward value in S181, add qxl (=q) to the pilot heat rate integral 
value Iq (SI 82). 

(4) Set to new crank angle whenever thetac what added the increment 1 to thetac whenever [ crank 
angle ] (S183). 

(5) Judge whether thetac is below terminal point thetae of a count include-angle period whenever 
[ crank angle ] (SI 84). When thetac has not reached terminal point thetae of a count include-angle 
period yet whenever [ crank angle ], it returns to SI 81 and the above-mentioned processing is 
repeated. If thetac reaches terminal point thetae of a count include-angle period whenever [ crank 
angle ], it will return to the flow of count of the pilot heat rate integral value Iq shown in drawing 



[0062] next, in agreement with the desired value the pilot heat rate integral value Iq was beforehand 
decided to be in the flow chart shown in drawing 20 - drawing 22 , if the pilot heat rate integral value 
Iq can be found in SI 63 or SI 67 grade — as — the electromagnetism of each injector 3 — the driving 
pulse width of face supplied to an actuator 66 is amended. The correction processing is performed 
according to the flow chart shown in drawing 23 . The flow chart shown in drawing 23 is the same as 
the flow chart shown in drawing 19 , and is a flow chart which shows the computation of amount of 
amendments deltaPWp of the pilot injection pulse width PWp performed based on the pilot heat rate 
integral value Iq. The overlapping explanation is omitted about each step which is common in 
drawing 19 . The injector 31 with which the combustion sequence i was formed in gas column #1 
which is 1 is taken for an example, and is explained below. In addition, since it restricts to 1 about 
the combustion sequence i, it omits for simplification as well as the case where it is based on pilot 
heat rate peak value. 

(1) It is judged from the threshold gamma ignition stage deflection deltaTe calculated by S141 was 
beforehand decided to be whether it is size (SI 90). 

(2) The target pilot heat rate integral value Iqb which is equivalent to the amount of target pilot heat 
release according to the pilot injection quantity Qp, the pilot fuel injection timing Tp, etc. at that time 
when ignition stage deflection deltaTe is smallness from a threshold gamma is calculated (SI 91). 

(3) Deflection deltalq of the pilot heat rate integral value Iq of an injection gas column (#1) and the 
target pilot heat rate integral value Iqb which ask in SI 63 grade and are memorized by dual port 
memory 16 (refer to drawing 4 ) is calculated (SI 92). 

deltalq<-lqb-lq(4) deflection deltalq is multiplied by Gain Gr, an integral, i.e., the thing which 
multiplied deflection deltalq by Gain Gr, is added to the last amount of pilot injection pulse width 
amendments deltaPWp, and amount of pilot injection pulse width amendments deltaPWp of the next 
time of each gas column is calculated (SI 93). 

delta PWp<-delta PWp+delta IqxGr, thus calculated amount of pilot injection pulse width 
amendments deltaPWp are used for count (SI 27) of last pilot injection pulse width PWpf in drawing 
17 , and processing of each injector 3 shown in drawing 17 is performed hereafter. 
[0063] As mentioned above, the computed pilot ignition stage Tpz And pilot heat rate peak value 
qmax or the pilot heat rate integral value Iq so that it may be in agreement with the target pilot 
ignition stage Tbpz and the pilot heat rate peak qbmax, or the pilot heat rate integral value Iqb Since 
the driving pulse width of face for pilot fuel injection timing and pilot injection is amended, it sets to 
pilot injection. The ignition stage Tpz of the optimal pilot injection, pilot heat rate peak value qmax, 
or the pilot heat rate integral value Iq according to the operational status of the engine at that time 
can be acquired. Therefore, it can prevent that phenomena, such as aggravation of operation of an 
unstable engine, the engine noise, and the exhaust gas engine performance, arise like [ in case 
especially an engine is idle operational status ]. Moreover, even if variation and aging are in the 
injection property of an injector 3, the optimal pilot injection and its combustion can be made to 
perform. 

[0064] If the contents of the above flow chart are summarized with reference to drawing 3 , four 
graphs of the upper case of drawing 3 express change of the cylinder internal pressure Pc 
accompanying progress of theta whenever [ crank angle / of gas column #l-#4 ], respectively. # 
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Greet like a compression explosion line one after another in order of a 1 cylinder, # 3 cylinder, # 4- 
cylinder, and # 2 cylinder. When a certain gas column passes like an explosion line, the following 
gas column is contained in the compression stroke. Moreover, a BTDC signal is outputted at 60 
degrees in front of the compression top dead center of each gas column. Since counted value theta of 
whenever [ crank angle ] is 0 and is a four stroke cycle engine in the compression top dead center of 
# 1 cylinder, it takes a round of the crankshaft 2 rotation 719, i.e., counted value. # About a 1 
cylinder, carry out to 180 degrees, i.e., counted value, in front of a compression top dead center, it is 
540 or more and carry out to 180 degrees, i.e., counted value, behind a compression top dead center, 
and when it is less than 180, store the cylinder internal pressure data of # 1 cylinder. Based on the 
stored data, MENN processing is calculated in the predetermined time amount of 1 80 degrees behind 
a compression top dead center, and injection valve drive processing of an injector 31 is performed 
based on a next BTDC interrupt signal, moreover, peak-value qmax of the heat rate as an index of 
the magnitude of the amount of pilot heat release which generates by ignition and combustion of the 
fuel injected by pilot injection in the count section as shown in drawing 24 or drawing 27 , or the 
integral value Ip of a heat rate are calculated, and the optimal amount (equivalent to the area shown 
by hatching) of pilot heat release corresponding to the heat rate shown by the dotted line in drawing 
24 maintains — as — the electromagnetism of an injector -- pilot fuel injection timing and the driving 
pulse width of face of an actuator are controlled. 
[0065] 

[Effect of the Invention] Since the pilot fuel-injection control approach of the engine by this 
invention and its equipment are constituted as mentioned above, they do the following effectiveness 
so. Current engine target pilot fuel injection timing and the current engine target pilot injection 
quantity according to operational status are calculated from target pilot fuel injection timing and the 
target pilot injection quantity which are beforehand decided based on engine operational status. 
Namely, by pilot injection The heat rate which the injected fuel bums and is serially searched for 
based on the pressure of a combustion chamber as a stage to just change from negative It 
corresponds to the ignition stage and pilot injection which are determined. The heat rate peak value 
within the period decided beforehand Or a heat rate integral value so that it may be in agreement 
with the target ignition stage, the target heat rate peak value, or the target heat rate integral value 
defined according to target pilot fuel injection timing and the target pilot injection quantity, 
respectively Next pilot fuel injection timing and the next pilot injection quantity in pilot injection are 
amended, the electromagnetism which operates an injector as a controlled system — the output stage 
of the driving pulse of an actuator and its pulse width are chosen. 

[0066] Individual difference is in each injector, or even if it is a case even if it is the same injector, 
so that a pilot injection property may be changed by aging, it is controlled so that fuel injection 
timing and the injection quantity by pilot injection are in agreement with desired value, respectively. 
Since optimal control from which the pilot injection quantity required for required fuel injection 
timing is always secured in pilot injection is performed, the variation in pilot injection is controlled 
and it becomes possible to maintain engine actuation stability, engine exhaust gas engine 
performance, etc. good. Since the variation in the strength of a pilot ignition stage and heat release is 
mitigated, as a result of being in the situation that engine operational status tends to become unstable 
originally, in engine idling operational status since the engine speed is low, but stabilizing 
combustion by pilot injection, also stabilizing combustion by the subsequent Maine fuel injection 
further and securing engine good operational status especially, the exhaust gas engine performance is 
maintained good. Consequently, while operation of an engine does not become unstable and the 
engine noise is controlled, aggravation of exhaust gas engine performance, such as generating of 
NOx or a smoke, can be prevented. 

[0067] Moreover, the feedback control of the pilot injection quantity is forbidden until amendment 
of pilot fuel injection timing is stabilized until deflection with desired value becomes smaller than 
the threshold decided beforehand about the ignition stage of the fuel injected by pilot injection 
namely. Since control of the pilot injection quantity is performed after pilot fuel injection timing is 
stabilized, the pilot injection quantity does not become [ too little / excessively or ], and pilot 
injection is stabilized. 
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